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Dear Mr. President: 
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THE CHARGE TO THE COMMISSION 


On March 28, 1979, the United States experienced the worst accident 
in the history of commercial nuclear power generation. Two weeks later, 
the President of the United States established a Presidential Commission. 
The President charged the 12-member Comnission as follows: 

om “The purpose of he Commission is to conduct a comprehensive study 
and investigation of the recent accident involving the nuclear power 
facility on Three Mile Island in Pennsylvania. The Commission's study 
and investigation shall include: 


(a) a technical assessment of the events and their causes; 
this assessment shall include, but shall not be limited to, an 
evaluation of the actual and potential impact of the events on 


the public health and safety and on the health and safety of 
workers; 


sia ee eee |) an analysis of the role of the managing utility; 
(c) an assessment of the emergency preparedness and response 
of the Nuclear Regulatory Commission and ornee tederal, state, 
mine ag Ee, aad local authorities; 
(d) an evaluation of the Nuclear Regulatory Commission's 
licensing, inspection, operation, and enforcement procedures 
as Boa to this facility; 
(e) an assessment of hew the public's right to information 
concerning the events at TMI was served and of the steps which 
should be taken- during similar emergencies to provide the 
public with accurate, comprehensible, and timely information; 
and 


(£) appropriate necoumendsti ons ‘based upon the Commission's 
findings. _ 


e@fficial sources, to the way they communicated this information to the 


PREFACE 
THE ACCIDENT 


At 4:00 a.m. on March 28, 1979, a serious accident occurred at the 
Three Mile Island 2 nuclear power plant near Middletown, Pennsylvania. 
The accident was initiated by mechanical malfunctions in the plant and 
made much worse by a combination of human errors in responding to it. 
(For details see "Account of the Accident" within this volume.) During 
the next 4 days, the extent and gravity of the accident was unclear to 
the managers of the plant, to federal and state officials, and to the 
general public. What is quite clear is that its impact, nationally and 
internationally, has raised serious concerns about the safety of nuclear 


power. This Commission was established in response to those concerns. 


WHAT WE DID 


os The investigation of the Commission was carried out by our able and 
hard-working staff. We also had the help of a number of consultants and 
commissioned several studies. It is primarily due to the work of the 
staff that we accomplished the following. 


We examined with great care the sequence of events that occurred 
during the accident, to determine what hapoened and why. We have 
attempted to evaluate the significance of various equipment failures as 
well as the importance of actions (or failures of actions) on the parts 
ef individuals and organizations. 


We analyzed the various radiation releases and came up with the 
best possible estimates of the health effects of the accident. In 
addition, we looked more broadly into how well the health and safety of 
the workers was protected during normal operating conditions, and how 
well their health and safety and that of the general public would have 
Deen protected in the case of a more serious accident. 


We conducted an in-depth examination of the role played by the 


| tility and its principal suppliers. We examined possible problems of 


erganization, procedures, and practices that might have contributed to 
the accident. Since the major cause of the accident was due to 


. dmappropriate actions by those who were operating the plant and 
-gupervising that operation, we looked very carefully at the training 


programs that prepare operators and the procedures under which they 
operate. ; ’ 


As requested by the President, we examined the emergency plans that 


were in place at the time of the accident. We also probed the responses 


to the accident by the utility, by state and local governmental agencies 


im Pennsylvania, and by a variety of federai agencies. We looked for 
- deficiencies in the plams and in their execution in order to be able to 


make recommendations for improvements for any future accident. In this 
process we had in mind how well the response would have worked if the 
danger to public health had been significantly greater. 


We examined the coverage of the accident by the news media. This 
was a complex process in which we had to separate out whether errors in 
media accounts were due to ignorance or cunfusion on the part of the 
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media, or to mistakes committed by the reporters themselves. We examined 
what sources were most influential on the people who needed immediate cee 
information, and how well the public was served by the abundant coverage 
that was provided. We also attempted to evaluate whether the coverage 
tended to exaggerate the seriousness of the accident either by 
selectively using alarming quotes more than reassuring ones, or through 
purposeful sensationalism. 


Finally, we spent a great deal of time on the agency that had a 
major role in all of the above: the Nuclear Regulatory Commission. The 
President gave us a very broad charge concerning this agency. We 
therefore tried to understand its complex structure and how well it 
functions, its role in licensing and rulemaking, how well it carries out 
its mission through its inspection and enforcement program, the role it 
plays in monitoring the training of operators, and its participation in 
the response to the emergency, including the part it played in providing 


- information to the public. ; . 


= 


We took more than 150 formal depositions and interviewed a 
Significantly larger number of individuals. At our public hearings we 
heard testimony under oath from a wide variety of witnesses. We collected 
voluminous material that will fill about 300 feet of. shelf-space in a 
library. All of this material will be placed into the National Archives. 


‘ The most important information extracted from this in each of the areas 


will appear in a series of “Staff Reports to the Commission." 


Based on all of this information, the Commission arrived at a 
number of major findings and conclusions. In turn, these findings led 
the Commission to a series of recommendations ERapoussy6 to the 
President! s charge. 


At the beginning of this volume will be found an overview of our 
investigation, followed by those findings and recommendations which 


_ Commanded a significant consensus among the members of the Commission. 


Each recommendation was approved by a majority of Commissioners. 
WHAT WE DID NOT DO 


It is just as important for the reader to understand what the 
Commission did not do. 


Our investigation centered on one accident at one nuclear power 


_ plant in the United States. While acting under the President's charge, 


we had to look at a large number of issues affecting many different 
Organizations; there are vast related issues which were outside our 
charge, and which we could not possibly have examined in a 6-month 
investigation. 


We did not examine the entire nuclear industry. (Although, through 
our investigation of the Nuclear Regulatory Cocmission, we have at least 
some idea of the standards being applied -to it across the board.) We 
have not looked at the military applications of. nuclear energy. We did 
not consider nuclear weapons proliferation. We have not dealt wj tye 
question of the disposal of radioactive waste or the dangers of the . 
accumulation of waste fuel within auclear power plants adjacent to the 
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containment buildings. We made no attempt to examine the entire fuel 
cycle, starting with the mining of uranium. And,‘of course, we made n0 
examination of the many other sources of radiation, both natural and 
man-made, that affect all of us. . . 


We have not attempted to evaluate the relative risks involved in 
alternate sources of energy. We are aware of a number of studies that 
try to do this. We are also aware that some of these studies are 
subjects of continuing controversy. 


We did not attempt to reach a_canclusion as ta whether, as_amatter 
of public policy, the development of commercial nuclear power should be 
continued or should not be continued, That would require a much broader 
investigation, involving economic, environmental, and political 
considerations. We are aware that there are 72 operating reactors in 
the United States with a capacity of 52,000 megawatts of electric 
energy. An additional 92 plants have received construction permits and 
are in various stages of construction. If these are completed, they 
will roughly triple the present nuclear capacity to generate . 
electricity. This would be a significant fraction of the total U.S. 
electrical generating capacity of some 600,000 megawatts. In addition, 


there are about 200 nuclear power plants in other countries throughout 
.the world. : 


Therefore, the improvement of the safety of existing and planned 
nuclear power plants is a crucial issue. It is this issue that our 
report addresses, these changes that can and must be made as a result of 
the accident -- the legacy of Three Mile Island. 
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‘OVERALL CONCLUSION 


In announcing the formation of the Commission, the President of the 
United States said that the Commission "will make recommendations to 
enable us to prevent any future nuclear accidents." After a 6-month 
investigation of all factors surrounding the accident and contributing 


“to it, the Commission has concluded that: 


To prevent nuclear accidents as serious as Three Mile 

Island, fundamental changes will be necessarv in the organization, 
rocedures, and practices -~ and above ali -- in the attitudes of 

procedures, ama od S6eites stan aoove aii “" in the attitudes of 


the Nuclear Regulatory Commission and. to the extent that the 
LTC A LC NA TS a7 Sen enasianen-asnunarengettarrer-neye=ranarsttday imessarore 


institutions we investigated are typical, of the nuclear industrv. 


This conclusion speaks of necessary fundamental changes. We do not 
claim that our proposed recommendations are sufficient to assure the 
safety of nuclear power. 


° 


Given the nature of its Presidential mandate, its time limitations, 
and the complexity of both energy and comparative Weiekeageas amene't 
issues, this Commission has not undertaken to examine how safe is “safe 
enough" or the broader question of nuclear versus other forfis of energy. 
The Commission's findings with respect to the accident and the 
regulation of the nuclear industry <= particularly the current ‘and 
potential state of public safety in the presence of nuclear power -~ 
have, we believe, implications that bear on the broad question of 
energy. But the ultimate resolution of the question involves the kind 
of economic, environmental, and foreign policy Cons idersttors that can 


‘only be evaluated through the political process. 


Our findings do not, standing alone, require the conclusion that 


gucléar power is inherently too dangerous to permit it to continue and 


expand as a form of power generation. Neither do they suggest that the 
gation should move forward aggressively to develop additional commercial 


nuclear power. They simply state are if th r larger 
reasons, to confront the ris fated with 
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nuclear power, fundamental changes are necessary if those risks are to 
be kept within tolerable limits. Syne Ogee, 
oe oe ee ee 


> 
We are very much aware that many other investigations into the . 

accident are under way. There are several investigations by Congress, 

the NRC self-investigation, and a number of studies by the industry. 

Some will examine individual issues in much greater depth. than we were 

able to do. And, no doubt, additional insights will emerge out of these 

various investigations. It is our hope that the results of our efforts 

may aid and accelerate the progress of the ongoing investigations, and 

help to bring about the required changes promptly. 


_ ATTITUDES AND PRACTICES 


Our investigation started out with an examination of the accident 


at Three Mile Island (TMI). This necessarily led us to look into the 


role played by the utility and its principal suppliers. With our 
in-depth investigation of the Nuclear Regulatory Commission (NRC), we 


geined a broader insight into the attitudes_and practicescthar prevail 


im portions of the industry. However, we did not examine the industry 
a ame arama 
im its totality. 


. Popular discussions of nuclear power plants tend to concentrate on 
questions of equipment safety. Equipment can and should be improved to 
wi further safety to nuclear power plants, and some of our recommen- 
@ations deal with this subject. But as the evidence accumulated, it 
teecame clear that the fundamental problems are people~related problems : 


When we say that the basic problems are pecple-related, we do not 
mean to limit this term to shortcomings of individual human 
beimgs -- although those do exist. We mean more generally that our 
iimvestigation has revealed problens with the "system" that manufactures, 
@perates, and regulates nuclear power plants. There are structural 
gemblems in the various organizations, there are deficiencies in various 
pumcesses, and there is a lack of communication among key individuals 


amnil_groups. - 


We are convinced that if the only problems were equipment problems, 
his Presidential Commission would never have been created. The 
@quipment was sufficiently good that, except for human failures, the 
major accident at Three Mile. Island would have been a minor incident. 
Bu, wherever we looked, we found problems with the human beings ‘who. 


upesate the plan€, vith the management. that_rcuns_ the key organization, 


ani with the agency that is charged with assuring the safety of nuclear 
; tants. 


In -the testimony we received, one word occurred over and over 
agsin. That word is "mindset." At one of our public hearings, 
Roger Mattson, director of NRC's Division of Systems Safety, used that 


word five times within a span of 10 minutes. For example: "I think 


(the] mindset [was] that the operator was a force for good, that if you ) 
discounted him, it was a measure of conservatism." In other words, they 
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concentrated on equipment, assuming that the presence of operators could 
only improve the situation -- they would not be part of the problem. 


After many years of operation of nuclear power plants, with no 
evidence that any member of the general public has been hurt, the belief 
that nuclear power plants are sufficiently safe grew into a conviction. 
One must recognize this to understand why many key steps that could have 
prevented the accident at Three Mile Island were not taken. The 
Commission is convinced that this attitude must be changed to one that 


says nucle Saree very nature - . potentially dangerous,.and, 


erefore tinually questionwhether_the safeguards already 
n place are sufficient to prevent major acci . A comprehensive 


system is required in which equipment and human beings are treated with 
equal importance. 


We note a preoccupation with regulations. It is, of course, the 
responsibility of the Nuclear Regulatory Commission to issue regulations 
to assure the safety of nuclear power plants. However, we are convinced 
that regulations alone canpot assure safety. Indeed, once regulations 
become 2s voluminous and complex as those regulatio 
Can serve as a negative factor in nuclear.safety. The regulations are 
serene eke ease efforts are required by the utility, by its 
suppliers, and by the NRC to assure that regulations are complied with. 


‘The satisfication of regulatory requirements is equated with safety. 


This Commission believes that it is an absorbing concern with safety 
that will bring about safety -- not just the meeting ef narrowly 
prescribed and complex regulations. 


We find a fundamental fault even with the existing body of regu- 
lations. ‘While scientists and engineers have worried for decades about 
the safety of nuclear equipment, we find that the approach to nuclear 
safety had a major flaw. It was natural for the regulators and the 
industry to ask: "What is the worst kind-of equipment failure that can 
occur?” Some potentially serious scenarios, such as the break of a huge 


. pipe that carries the water cooling the nuclear reactor, were studied 


extensively and diligently, and were used as a basis for the design of 
plants. A preoccupation developed with such large-break accidents as 
did the attitude that if they could be controlled, we need not worry 
about the analysis of “less important™ accidents. 


Large-break accidents require extremely fast reaction, which 
therefore must be automatically performed by the equipment. Lesser 
accidents may develop much more slowly and their control may be 
dependent on the appropriate actions of human beings. This was the 
tragedy of Three Mile Island, where the equipment failures in the 
accident were significantly less dramatic than those that had been 
thoronghly analyzed, but where the results confused those who managed 
the accident. A potentially insignificant incident grew into the THI 
accident, with severe damage to the resctor. Since such combinations of 
minor equipment failures are likely'to occur much sore often than the 


-huge accidents, they desérve extensive and thorough study. In addition, 


they réquire operators and supervisors” who-have cr pera understanding — 


of the functioning of the plant and who can respond to combinations - of 
small equipment ailures. ~ 
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. The most serious "mindset" is the preoccupation of everyone with. 
doe the safety of equipment, resulting in the down-playing of the importance 
5 of the human elemeat in nuclear power generation. We are tempted to say 
, that while an enormous effort was expended to assure that safety-related 
equipment functioned as well as possible, and that there was backup 
equipment in depth, what, the NRC and the industry have failed to 
recognize sufficiently is that the human beings whomanage and operate 


the plants constitute an important safety system.” 
CAUSES OF THE ACCIDENT 


Other investigations have concluded that, while equipment failures 
initiated the event, the fundamental cause of the accident was “operator 
error.” It is pointed out that 1 € operators (or those who 
Supervised them) had kept the emergency cooling systems on through the 
early stages of the accident, Three Mile Island would have been limited 
to a relatively insignificant incident. While we agree that this 
statement is true, we also feel that it does not speak to the 
fundamental causes of the accident. | ‘ 


Let us consider some of the factors that significantly contributed 
to operator confusion. F . 


) , - Eirst of gl1,, it is our conclusion that the training ‘of THI 
operators was greatly deficient. While training may Have been adequate 
for the operation of a plant under normal circumstances, insufficient 
attention was paid to possible serious accidents. And the depth of 
understanding, even of senior reactor operators, left them unprepared to 


deal with something as confusing as the circumstances in which they 
found themselves. ; 


. Second, we found that the specific operating procedures which were 
‘ fe applicable to this accident, are at least very confusing and could be 
read_in such a way as.to lead the operators to take the incorrect 

actions they did. _ 


Third, the les from previous accjd did net result j 
: clear instructions being passed on to the operators. Both points are 
ao. ...  .s  gLlustrated in the following case history. ae 


ih se = . « A senior engineer of the Babcock & Wilcox Company (suppliers of the 
: : nuclear steam system) noted in an earlier accident, bearing strong 
similarities to the one at Three Mile Island, that_operators had : 
mistakenly turned off the emergency cooling system. He pointed out that 
we were Lucky that the circumstances under which this error was . 
committed did not lead to a serious accident and warned that under other 
circumstances (like those that would Later exist at Three Mile Island), a 
< very serious accident could result. He urged, in the strongest teras, 

= that clear instructions be passed on to the operators. This memorandum 
was written 13 months before the accident at Three Mile Island, but no 

_ new instructions resulted from it. The Commission's investigation of 

°> . this incident, and other similar incidents within BSW and the NRC, 

. adndicates that the lack of understanding that led the operators to 
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' incorrect action existed both within the Nuclear Regulatory Commission 
- and within the utility and its suppliers. - 


We find that there is a lack of "closure" in the System -- that is, 
important safety issues are frequently raised and may be studied to some . 
degree of depth, but are not carried through to resolution; and the 
lessons learned from these studies do not reach those individuals and 
agencies that most need to know about them. This was true in the B&W 
incident described above, it was true about various Warnings within NRC 
that inappropriate operator actions could result in the case of certain 
small-break accidents, and it was true in several examples of questions 
raised in connection with licensing procedures that were not followed to 
their conclusion by the NRC staff. 


There are many other examples mentioned in our report that indicate 
the lack of attention to the human factor in nuclear safety. We note 
only one more (a fourth) example. The control “room, through which the 
operation of the TMI-2 plant is carried out, is lacking in many ways. 
The control panel is huge, with hundreds of alarms, and there are some 
key indicators placed in locations where the operators cannot see then. 
There is little evidence of the impact of modern information technology 
within the control room. In spite of this, this control room might be 
adequate for the normal operation of nuclear power plants. 


However, it is seriously deficient under accident conditions. 
During the first few minutes of the accident, more than 100 alarms went 
off, and there was no systea for suppressing the unimportant signals so 


. that operators could concentrate on the significant alarms. Information 


Was not presented in a clear and sufficiently understandable form; for 
example, although the pressure and temperature within the reactor 
coolant system were shown, there was no direct indication that the 
combination of pressure and temperature meant that the cooling water was 
turning into’steam. Overall, little attention kad been paid to the 


interaction between human beings znd machines under the rapidly changing 


and confusing circumstances of am accident. Perhaps these design 
failures were due to a concentratcion on the large-break accidents -- 
which do not allow time for significant operator action -- and the 
design ignored the needs of operators during a slowly developing 
small-break (TMI-type) accident. While some of us may favor a complete | 
modernization of control rooms, we are all agreed that a relatively few 
and not very expensive improvements in the control room could have 
significantly facilitated the management of the accident. 


In conclusion, while the major factor that turned this incident 
into a serious accident was inappropriate operator action, many factors 
contributed to the action of the operators, such as deficiencies in 
their training, lack of clarity in their operating procedures, failure 
of organizations to learn the proper lessogs from previous incidents, 
and deficiencies in the design of the control room. These shortcomings 
are attributable to the utility, to suppliers of equipment, and to the 


federal commission that regulates nuclear power. Therefore -- whether 


Ox not operator error "explains" this particular case -~- given all the 
above deficiencies, we are convinced that an accident like Three Mile 
Island was eventually inevitable. : 
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_ SEVERITY OF THE ACCIDENT 


Just how serious was the accident? . Based on our investigation of 
the health effects of the accident, we conclude that in spite of serious 
damage to the plant, most of the radiation was contained and the actual 
release will have a negligible effect on the physical health of 
individuals. The major health effect of the accident was found to be 
mental stress. 


The amount. of radiation received by any one individual outside the 
plant was very low. However, even low levels of radiation may result in 
the later development of cancer, genetic defects, or birth defects among 


children who ‘are. exposed in the womb. Since there is no direct way of 


measuring the danger of low-level radiation to health, the degree of 
danger must be estimated indirectly. Different scientists make 
different assumptions about how this estimate should be made and, 
therefore, estimates vary. Fortunately, in this ¢ase the radiation 
doses were so low that we conclude that the overall health effects will 
be minimal. There will either be no case of cancer or the number of 
cases will be so small that it will never be possible to detect them. 
The same conclusion applies to the other possible health effects. The 


reasons for these conclusions are as follows. 


An example of a projection derived for the total number of | 
radiation-induced cancers among the population affected by the accident 
at TMI was 0.7. This number is an estimate of an average, such as the 


one that appears in the statement: "The average American family has 2.3 


children." | ae 


In the case of TMI, what it really means is that each of some 2 
million individuals living within 50 miles has a miniscule additional 
chance of dying of cancer, and when all of these minute probabilities 
are added up, they total 0.7. In such a situation, a mathematical law 
known as a Poisson distribution (named after a famous French 
mathematician) applies. If the estimated average is 0.7, then the 
actual probabilities for cancer deaths due to the accident work out~as 
follows: There is a roughly 50 percent chance that there will be no 
additional cancer deaths, a 35 percent chance that one individual wili 
die of cancer, a 12 percent chance that two people will die of cancer, 
and it is practically certain that there will not be as many as five 
eancer deaths. : 

Similar probabilities can be calculated for our various estimates. 
All of them have in common the following: It “is entirely possible that 
mot a single extra cancer death will result. And for all our estimates, 
it is practically certain that the additional number of cancer deaths 
will be less than 10. : . 


Since a cancer caused by ouclear radiation is no different from aay 
other cancer, additional ‘cancers can only be determined statistically. 
We know from statistics on cancer deaths that among the more than 2 
million people living within 50 miles of THI, eventually some 325 ,000 
people will die of cancer, for reasons having nothing to do with the 
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nuclear power plant. Again, this number is only an estimate, and the 


actual figure could be as much as 1,000 higher or 1,000 lower. 


Therefore, there is ‘no conceivable statistical method by which fewer 
than 10 additional deaths would ever be detected. Therefore, the 
accident may result in no ‘additional cancer deaths or, if there were 
any, they would be so few that they could not be detected. 


We found that the mental stress to which those living within the 
wicinity of Three Mile Island were subjected was quite severe. There / 
were several factors that contributed to this stress. Throughout the 
first week of the accident, there was extensive speculation on just how 
serious the accident might turn out to be. At various times, senior 
officials of the NRC and the state government were considering the 
possibility of a major evacuation. There were a number of advisories 
recommending steps short of a full evacuaticn. Some significant 
fraction of the population in the immediate vicinity voluatarily left 
the region. NRC officials contributed to the raising of anxiety in the 
period from Friday to Sunday (March 30-April 1). On Friday, a mistaken 
interpretation of the release of a burst of radiation led some NRC 
officials to recommend immediate evacuaticn. And on Friday Governor 
Thornburgh advised pregnant women and preschool aged children within 5 
miles of TMI to leave the area. On Saturdey and Sunday, other NRC 
officials mistakenly believed that there was an imminent danger of an 
explosion of a hydrogen bubble within the reactor vessel, and evacuation 
was again a major subject of discussion. 


We conclude that the most serious health effect of the accident was 
severe mental stress, which was short-lived. The highest levels of 
distress were found among those living within 5 miles of TMI and in 
families with preschool children. 


There was very extensive damage to the plant. While the reactor 
itself has been brought to a "cold shutdown," there are vast amounts of 


- wadioactive material trapped within the containment and auxiliary 


buildings. The utility is therefore faced with a massive clezgup ae 
process that carries its own potential dangers to public health. The 
ongoing cleanup operation at THI demonstrates that the plant was 


Gnmadequately designed to cope with the cleanup of a damaged plant. The 


direct financial cost of the accident is enormous. Our best estimate 
puts it in a range of $1 to $2 billion, even if TMI-2 can be put back 
into operation. (The largest portion of this is for replacement power 
estimated for the next few years.) And since it may not be possible to 


put it back into operation, the cost could even be much Larger. 


The accident raised concerns all over the world and led to a | 
lowering of public confidence in the ouclear industry and in the NRC. 


- From the beginning, we felt it important to determine not only how 
serious the actual impact of the accident was on public health, but 
whether we came close to a catastrophic accident in which a large oumber 
of people would have died. Issues that had to be examined were whether 
a chemical (hydrogen) or steam explosion could have ruptured the reactor 
vessel and containment building, and whether extremely hot molten fuel 
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could have caused severe damage to the containment. The danger was: 
never =~ and could not have been -- that of a nuclear explosion (bomb). 


We have made a conscientious effort to get an answer to this 
difficult question. Since the accident was due to a complex combination 
of minor equipment failures and major inappropriate human actions, we 
have asked the question: ‘"What if one more thing had gone wrong?" 


We explored each of several different scenarios representing a 
change in the sequence of events that actually took place. The greatest 
concern during the accident was that significant amounts of radioactive 
material (especially radioactive iodine) trapped within the plant might 
be released. Therefore, in each case, we asked whether the amount 


‘yeleased would have been smaller or greater, and whether large amounts 


could have been released. 


Some of these scenarios lead to a more favorable outcome than what 
actually happened. Several other scenarioz= lead to increases in the 
amount of radioactive iodine released, but still at levels that would 
not have presented a danger to public health. But we have also explored 
two or three scenarios whase precise consequences are much more 
difficult to calculate. They lead to more severe damage to the core, 
with additional melting of fuel in the hottest regions. These 
consequences are, surprisingly, independent of the age of the fuel. 


Because of the uncertain physical condition of the fuel, cladding, 
and core, we have explored certain special and severe conditions that 
would, unequivocally, lead to a fuel-melting acci¢ent. In this sequeace 
of events fuel melts, falls to the bottom of the vessel, melts through 
the steel reactor vessel, and finally, some fuel reaches the floor of 
the containment building below the reactor vessel where there is enough 
water to cover the molten fuel and remove some of the decay heat. To 
contain such an accident, it is necessary to continue removing decay . 
heat for a period of many months. ; 

“at this stage we approach the limits of our engineering knowledge 
of the interactions of molten fuel, comcrete, steel, and water, and even 
the best available calculations have a degree of uncertainty associated 
with them. Our calculations show that even if a meltdown occurred, 
there is a high probability that the containment building and the hard 
rock on which the TMI-2 comtainment building is built would have been 
able to prevent the escape of a large amount of radioactivity. These 
results derive from very careful calculations, which hold only insofar 
as our assumptions are valid. We cannot be absolutely certain of these 
results. : 


Some of the limits of this investigation were: (1) We have not 
examined possible consequences of operator error during or after the 
fuel melting process which might compromise the effectiveness of 
Containment; (2) We have not examined the vulnerability of the various 
electrical and plumbing penetrations through the walls or the doorways 
for people and equipment; (3) The analysis was specific to the THI-2 
design and location (for example, the bedrock under the plant); (4) We 
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recognize that we have only explored a limited number of alternatives to 
the question "What if . . .?" and, others may come-up with a plausible 
scenario whose results would have been even more serious. 


We strongly urge that research be carried out promptly to identify 
and analyze the possible consequences of accidents leading to severe 
core damage. Such knowledge is essential for coping with results of 
future accidents. It may als® indicate weaknesses in present designs, 
whose correction would be important for the prevention of serious 
accidents. 


These uncertainties have not prevented us from reaching an over- 
whelming consensus on corrective measures. Our reasoning is as follows: 
Whether in this particular case we came close to a catastrophic accident 
or not, this accident was too serious. Accidents as serious as TMI 
should not be allowed to occur in the future. 

The accident got sufficiently out of hand so that those attempting 
to control it were operating somewhat in the dark. While today the 
causes are well understood, 6 months after the accident it is still 
difficult to know the precise state of the core and what the conditions 
are inside the reactor building. Once an accident reaches this stage, 
one that goes beyond well-understood principles, and puts those 
controlling the accident into an experimental mode (this happened during 
the first day), the uncertainty of whether an accident could result in 
major releases of radioactivity is too high. Adding to this the 
enormous cauage to the plant, the expensive and potentially dangerous 
cleanup process that remains, and the great cost of the accident, we 
must conclude that -~ whatever worse could have happened -- the accident 
had already gone too far to make it tolerable. : 


While throughout this entire document we emphasize that fundamental 
changes are necessary to prevent accidents as serious as TMI, we must 
‘not assume that an accident of this or greater seriousness cannot happen 
again, even if the changes we recommend are made. Therefore, in 
addition to doing everything to prevent such accidents, we must be fully 
prepared to minimize the potential impact of such an accident on public 
health and safety, should one occur in the future. - - 


HANDLING OF THE EMERGENCY 


Another area of our investigation dealt with the questions of 
whether various agencies made adequate preparations for an emergency and 
whether their responses to the emergency were satisfactory. Our finding 
is negative on both questions. 


We are disturbed both by the highly uneven quality of emergency 
plans and by the problems created by multiple jurisdictions in the case 
’ of a radiation emergency. Most emergency plans rely on prompt action at 
the local level to initiate a needed evacuation or to take otber protec- 
‘tive action. We found an almost total lack of detailed plans in the 
local communities around Three Mile Island. It is one of the many 
ironies of this event that the most relevant planning by local 
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authorities took place during the accident. [no an accident in which 
prompt defensive steps are necessary within a matter of hours, 
insufficient advance planning could prove extremely dangerous. 


We favor the centralization: of emergency planning and response in a 


single agency at the federal level with close coordination between it 
and state and local agencies. Such agencies would need expert input 
from many other organizations, but there should be a single agency that 
has the responsibility both for assuring that adequate planning takes 
place and for taking charge of the response to the emergency. This will 


require organizational changes, since the agencies now best organized to 


deal with emergencies tend to have most of their experience with such 
events as floods and storms, rather than with radiological events. And, 
insofar as radiological events require steps that go beyond those in a 
normal emergency, careful additional planning is needed. 


A central concept in the current siting policy of the NRC is that 
reactors should be located in a “low population zone” (LPZ), an area 
around the plant in which appropriate protective action could be taken 
for the residents in the event of an accident. However, this concept is 


implemented in a strange, unnatural, and rovnd-about manner. To 


determine the size of the LPZ, the utility calculates the amount of 
radiation released in a very serious hypothetical accident. Using 
geographical and meteorological data, the utility then calculates that 
area within which an individual would receive 25,000 millirems or more 
to the whole body, during the entire course of the accident. This area 
is the LPZ. The 25,000-millirem standard is an extremely large dose, 
many times more serious than that received by any individual during the 
entire TMI accident. 


The LPZ approach has serious shortcomings.’ First, because of the 
extremely large dose by which its size is determined, the LPZs for many 
nuclear power plants are relatively small areas, 2 miles in the case of 


THI. Second, if an accident as serious as the one used to calculate the’ 


LPZ were actually to occur, it is evident that many people living 
outside the LPZ would receive smaller, but still massive doses of 
vadiation. Third, the TMI accident shows that the LPZ has little 
relevance to the protection of the public -=- the NRC itself was 
considering evacuation distances as far as 20 miles, even though the 


-accident was far less serious than those postulated during siting. We 
“Rave therefore concluded that the entire concept is flawed. 


‘We recommend that the LPZ concept be abandoned in siting and in | 


emergency planning. A variety of possible accidents should be 


considered during siting, particularly "smaller" accidents which have a 
higher probability of occurring. For each such accident, one should 
calculate probable levels of radiation releases at a variety of 
distances to decide the kinds of protective action that are necessary 


-: amd feasible. Such protective actions may range from evacuation of 30 


area near the plant, to the distribution of potassium iodide to protect 


‘the thyroid gland from radioactive iodine, to a sinple instruction to 


people several miles from the plant to stay indoors for a specified 


period of time. Only such an analysis can predict the true consequences 
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of a radiological incident and determine whether a particular site is 
suitable for a nuclear power plant. Similarly, emergency plans should 
have built into them a variety of responses to a variety of possible 


_kinds of accidents. State and local agencies must be prepared with the 


appropriate response once information is available on the nature of an 
accident and its likely levels of releases. 


‘The response to the emergency was dominated by an atmosphere of 
almost total confusion. There was lack of communication at all levels. 
Hany key recommendations were made by individuals who were not in pos-~ 
session of accurate information, and those who managed the accident were 
slow to realize the significance and implications of the events that had 
taken place. While we have attempted to address these shortcomings in 
Gur recommendations, it is important to reiterate the fundamental 
philosophy we stated above: One must do everything possible to prevent 
accidents of this seriousness, but at the same time assume that such ao 


. wecident may occur and be prepared for response to the resulting 
_ emergency. The fact that too many individuals and. organizations were 


mot aware of the dimensions of serious accidents at nuclear power plants 
accounts for a great deal of the lack of preparedness and the poor 
quality of the response. 


®UBLIC AND WORKER HEALTH AND SAFETY 


We have identified a number of inadequacies with‘respect to pro- 
edures 2nd programs to prevent or minimize hazards to health from 
wadiation exposure from the operations of auclear power plants. in 
setting standards for permissible levels of worker exposure to radioactivity, 
fm plant siting decisions, and in other areas related to health, the NRC 
ais mot required to, and does not regularly seek, advice or review of its 
wealth-related guidelines and regulations from other federal agencies 
with radiation~related responsibilities in the area of health, for 
example the Department of Health, Education, and Welfare (HEW) or the 
Environmental Protection Agency (EPA). There is inadequate knowledge of 
ithe effects of low levels of ionizing radiation, of strategies to mitigate 
ithe health hazards of exposure to radiation, and of other areas relating 
ite regulation setting to protect worker and public health. In 


_ {preparation for a possible emergency such as the accident at TNI-2, 


Warious federal agencies (NRC, Department of.Energy, HEW, and EPA) have 
assigned responsibilities, but planning prior to the accident was so 
spoor that ad hoc arrangements among these federal agencies had to be 
made to involve them and coordinate their activities. . - 


The Commonwealth of Pennsylvania, its Bureau of Radiation 
Protection and Department of Health -- agencies with responsibilities: 
for public health -~ did not have adequate resources for dealing with 
fadiation health programs related to the operation of TMI. The utility 
‘WAS not required to, and did not, keep a record on workers of the total “e 
work-related plus non-vork=celated (for examples medical or dental) 
radiation exposure. 


We make recommendations with respect to improving the coordination 


- and collaboration among federal and state agencies with radiation-related 
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responsibilities in the health area. We believe more emphasis is 
required on research on the health effects of radiation to provide a 
sounder basis for guidelines and regulations related to worker and 
public health and safety. We believe that both the state and the utility 
have an opportunity and an obligation to establish more rigorous 
programs for informing workers and the public on radiation 
health-related issues and procedures to prevent adverse health effects 
ef radiation. 


RIGHT TO INFORMATION 


The President asked us to investigate whether the public's right to 
information during the emergency was well served. Our conclusion is 
again in the negative. However, here there were many different causes, 
and it is both harder to assign proper responsibility and more difficult 
to come up with appropriate recommendations. There were serious 
problens with the sources of information, with how this information was 
conveyed to the press, and also with the way the press reported what it 
heard. .) 

We do not find that there was a systematic attempt at a "cover-up" 
by the sources of information. Some of the official news sources were 
themselves confused about the facts and there were major disagreements 
among officials. On the first day of the accident, there was an attempt 
by the utility to minimize its significance, in spite of substantial 
evidemce that. it was serious. Later that week, NRC was the source of 
exage-erated stories. Due to misinformation, and in one case (the 
kydrmgen bubitie) through the comsissicn of scientific errors, official 
sources would mcke statements about radiation already released (or about 
the imminent. Likelihood of releases of major amounts of radiation) that 
were not justified by the facts -= at least not #f the facts had been 
forrectly umiverstood. And NRC was slow in confirming good news about the 
bydrogen bubiiie. On the other hand, the estimated extent of =e damage 
to the core ws not fully revealed to the public. 


“& second set of problems arose ‘from the manner in which the facts 
were presented to the press. Some of those who briefed the press lacked 
the technical expertise to explain the events and seened to be cut off 
from those wiio could have provided this expertise. ‘when those who did 
have the knowledge spoke, their statements were often couched in 
®jargon" that was very difficult for the press to understand. The press 
was further disturbed by the fact that, in order to cut down on the 
amount of confusion, a number of potential sources of information were 
fastructed mot to give out information. * While this cut down on the. 
amount of confusion, it flew in the face of the long tradition of the 


press of checking facts with multiple sources. 


Many factors contributed to making this event one of the most 
heavily covered media events ever. Given these circumstances, the media 
generally attespted to give a balanced presentation which would not 
contribute to an escalation of panic. There were, however, a few 
notable examples of irresponsible reporting and some of the visual 
images used in the reporting tended to be sensational. 
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Another severe problem was that even personnél representing the 
major national news media often did not have sufficient scientific and 
engineering background to understand thoroughly what they heard, and did 
not have available to them people to. explain the information. This 
problem was most serious in the reporting of the varicus releases of 
radiation and the explanation of the severity (or lack of severity) of 
these releases. Many of the stories were so garbled as to make them 
useless as a source of information. 


We therefore conclude that, while the extent of the coverage was 
justified, a combination of confusion and weakness in the sources of 
information and lack of understanding on the part of the media resulted 
in the public being poorly served. 


In considering the handling of information during the nuclear 
accident, it is vitally important to remember the fear with respect to 
nuclear energy that exists in many human beings. The first application 
of nuclear energy was to atomic bombs which destroyed two major Japanese 
cities. The fear of radiation has been with us ever since and is made 
Worse by the fact that, unlike floods or tornadoes, we can neither hear 
nor see nor smell radiation. Therefore, utilities engaged in the 
operation of nuclear power plants, and news media that may cover a 
possible nuclear accident, must make extraordinary preparation for the 
accurate and sensitive handling of information. 


There is a natural conflict between the public's right to know and 
the need of disaster managers to concentrate.on their vital tasks 
without distractions. There is no simple resolution for this conflict. ~ 
But significant advance preparation can alleviate the problem. It is 
our judgment that in this case, neither the utility nor the NRC nor the 


media were sufficiently prepared to serve the public well. 


THE NUCLEAR REGULATORY COMMISSION 


We had a broad mandate from the President to investigate the 
Nuclear Regulatory Comuission. When NRC was split off from the old 
Atomic Energy Commission, the purpose of the split was to separate the 
regulators from these who were promoting the peaceful uses of atomic 
energy. We recognize that the NRC has am assignment that would be 
difficult under any circumstances. But, we have seen evidence that some 
of the old promotional philosophy still imfluences the regulatory 
practices of the NRC. While some compromises between the needs of 
safety and the needs of an industry are imevitable, the evidence 
Suggests that the NRC has sometimes erred’ on the side of the industry's 
convenience rather than carrying out its primary mission of assuring 


safety. 


Two of the most important activities of NRC are its licensing 
function and its inspection and enforcemeat (ISE) activities. We found 
serious inadequacies in both. . 

In the licensing process, applications are only required to analyze 
“single-failure” accidents. They are not required to analyze what 
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happens when two systems fail independently of each other, such as the 
event that took place at TMI. There is a sharp delineation between 


“those components in systems that are “safety-related” and those that are 


mot. Strict reviews and requirements apply to the former; the latter 
are exempt from most requirements -- even though they can have an effect 
on the safety of the plant. We feel that this sharp either/or 
definition is inappropriate. Instead, there should be a system of 
priorities as to how significant various components and systems are for 
the overall safety of the plant. There seems to be a persistent 
assumption that plants can be made sufficiently safe to be 
“"people-proof." Thus, not enough attention is paid to the training of 
operating personnel and operator procedures in the licensing process. 
And, finally, plants can receive an operating license with several 


‘safety issues still unresolved. This places such a plant into a 


regulatory "limbo" with jurisdiction divided between two different 
offices within NRC. TMI-2 was in this status at the time of the 
accident, 13 months after it received its operating license. 

\ ee 

NRC's primary focus is on licensing and insufficient attention hes 
been paid to the ongoing process of assuring nuclear safety. An 
important example of this is the case of “generic problems," that is, 
problems that apply to a ownber of different nuclear power plants. Once 
an issue is labeled "generic," the individual plant being licensed is 
mot ‘responsible for resolving the issue prior to licensing. That, in 
itself, would be acceptable, if there were a strict procedure within NRC 
to assure the timely resolution of generic problems, either by its own 
research staff, or by the utility and its suppliers. However, the 
evidence indicates that labeling of a problem as “generic” may provide a 
convenient way of postponing decision on a difficult question. 


. The old AEC attitude is also evident in reluctance to apply new 
safety standards to previously licensed plants. While we would accept a 
need for reasonable timetaibies for "backfitting," we did not find 


- evidence that the need for improvement of older plants was 
systematically considered ate to Three Mile Island. 


The existence of a vast body of regulations by NRC tends to fsce: 
industry attention narrowl on the meeting of regulations rather than on 
@ systematic concern for suiety. Furthermore, the nature of some of the 
regulations, in combination with the way rate bases are established for 
utilities, may in some instances have served as a deterrent for 
utilities or their suppliexs to take the initiative in proposing 
measures for improved safety. 


Previous studies of ESE have criticized this branch severely. 
Inspectors frequently fail to make independent evaluations or 
inspections. The manual acrording to which inspectors are supposed to 
operate is so voluminous that many inspectors do not understaad 
precisely what they are sweposed to do. There have been a number of 
incidents in which inspectors have had difficulty in getting their 
superiors to concentrate om serious safety issues. The analysis of 
reported incidents by licensees has tended to concentrate on equipment 


malfunction, and serious operator errors have not been focused on. 
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Finally, while the statutory authority to impose fines is fairly 
limited, a previous study shows that ISE has made minimal use of even 
this authority. . , : - 


Since in many éases NRC does not have the first-hand information 
necessary to enforce its regulations, it must rely heavily on the 
industry's own records for its inspection and enforcement activities. 
NRC accumulates vast amounts of information on the operating experience 
of plants. However, prior to the accident there was no systematic . 
method of evaluating these experiences, and no systematic attempt to 
look for patterns that could serve as a warning of a basit problem. 


NRC is vulnerable to the charge that it is heavily. equipment-oriented, 
rather than people-oriented. Evidence for this exists in the weak and 
understaffed branch of NRC that monitors operator training, in the fact 
that inspectors who investigate accidents concentrate on what went wrong 
with the equipment and not on what -operators ray have done incorrectly, 
in the lack of attention to the quality of procedures provided for 
operators, and in an almost total lack of attention to the interaction 
between buman beings and machines. 


In addition to all the other problems with the NRC, we are extremely 
, critical of the role the organization played in the response to the 
accident. There was a serious lack of communication among the 
commissioners, those who were attempting to make the decisions about the 
accident in Bethesda, the field offices, and those actually on site. 

This lack of communication contributed to the confusion of the accident. 
We are also skeptical whether the coilegial mode of the five commis- 
Sioners makes them a suitable body for the management of an emergency, 
and of the agency itself. ; 


We found serious minugerial problems within the organization. 
These problems start at the very top. It is not clear to us what the 
-precise role of the five NRC commissioners is, and we have evidence that 


i they themselves are not clear om what their’role should be. The huge 


bureaucracy under the commissioners is highly compartmentalized with 
insufficient communication among the major offices. We do not see 
evidence of effective managerial guidance from the top, and we do see 
evidence of some of the old AEC promotional philosophy in key officers 
below the top. The management problems have been made much harder by 
adoption of strict rules that prohibit the commissioners from talking 
with some of their key staff om issues involved in the licensing 
‘process; we believe that these mles have been applied in an unneces- 
Sarily severe form within this particular. agency. The geographic . 
spread, which places top management in Washiagton and most of the staff 
in Bethesda and Silver Spring, Maryland (and in other parts of the 
country), also inhibits the easy exchange of ideas. 


We therefore conclude that there is no well-thought-out, integrated 
System for the assurance of nuclear safety within the current NRC. 


| We have found evidence of repeated in-depth studies and criticisms 
both from within the agency and from without, but we found very little 
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evidence that these studies have resulted in significant improvement. 
This fact gives us particular concern for the future of the present NRC. ) 


For all these reasons we recommend a total restructuring of the 
NRC. We recommend that it be an independent agency within the executive 
branch, headed by a single administrator, whois in every sense chief 
executive officer, to be‘chosen from outside NRC. The new administrator 
must be provided with the freedom to reorganize and to bring new blood 
into the restructured NRC's staff. This new blood could result in the 
change of attitudes that is vital for the solution of the problems of 
- the nuclear industry. 


We have also recommended a number of other organizational and 
procedural changes designed to make the new agency truly effective in 
- - assuring the safety of nuclear power plants. Included in these are an 
- oversight committee to monitor the performance of the restructured NRC 
-- and mandatory review by HEW of radiation-related health issues. 
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When the decision was made to make nuclear power available for the. 
commercial generation of energy, it was placed into the hands of the 
existing electric utilities. Nuclear power requires management qual#ficgtions 
*: gud attitudes of a very special character as well as an extensive support 
system of scientists and engineers. We feel thatyinsufficient;,attention ee. 


ts mE, 


was paid to this by the General Public Utilities ‘Cérporation (GPU). ‘ge 


There is a divided system of decision-making within GPU and its » 
-gubsidiariss. While the utility has legal responsibility for a wide 
-  Qampge of fundamental decisions, from plant design to operator training, 
é. game utilities have to rely heavily on the expeftise of their suppliers 
and on the Nuclear Regulatory Commission. Our report contains a number 
_ f£ examples where this divided responsibility, in the case of TMI, may 
s>. tnawe led to less than optimal design and operating practices. \Fér — 
~"-@xample, we have received contradictory testimony on how the criteria 
<"ymier which the containment building isolates were selected. Similarly, 
=< the design of the control room seems to have been a2 Compromise among of 
the utility, its parent company, the architect-engineer, and the nuclear 
a steam system supplier (with very-little attention from the NRC). But 
~-Ghe clearest example of the shortcomings: of. divided_ pesponasbissty is 
~ the area of operator eigen a a oe eo os Se ae ae 


eo oe ~— i ere mela = 


aoe > The Legal responsibility for training aperaters and supervisors for 
: asks operation of nuclear power plants ‘rests with the utility. However, 
~-Het Ed, the GPU subsidiary which operates TMI, did not have sufficient 


tm oe 


Tree 


~>~~gxpertise to carry out this training program without outside help. 

+5 <Qhey, therefore, contracted with Babcock & Wilcox, supplier of the 

=>=~puclear- steam system,-for- various: portions of this traiuing program. 
-Waile BSW das substantial expertise, they had no responsibility for the. 
quality of the total training program, only for carrying out the - 


‘S¥=- contracted pertion. And: coordination between the training programs of 


‘the two companies was extremely loose. For example, the B&W instructors © j 

-were-act aware of the. precise” ‘operating procedures in effect at the 
Sol plant. eSaer SiS ATEII? Gil Lite wiitsel, ‘pot we deere Aol pee a 
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A key tool in the B&W training is a "simulator," which is a mock 
control console that can reproduce realistically events that happen 
Within a power plant. The simulator differs in certain significant ways 
from the actual control console. Also, the simulator was pot 
‘Programmed, prior to March 28, to reproduce the. conditions that 
confronted the operators during the accident. 


We found that at both-cempanies, those most knowledgeable about the 
workings of the nuclear power plant have little communication with those 
responsible for operator training, and therefore, the content of the 
instructional program does not lead to sufficient understanding of 
reactor systems. . 


It is our conclusion that the role that the NRC plays in monitoring 
operator training contributes little and may actually aggravate the 
problem. NRC has a limited staff for supervising operator licensing, 
and many of these do not have actual experience in power plants. 
‘Therefore, NRC activities are limited to the administration of fairly 
routine licensing examinations and the spfotchecking of requalification 
exams and training programs. In evaluating the training of operators to 
Carry out emergency procedures, NRC failed to recognize basic faults in 
the procedures jn existence at TMI. Since the utility has the tendency 
ef. equating the passing of an NRC examination with the satisfactory 
training of operators, NRC may be perpetuating a level of mediocrity. 


¢ 
The way that NRC evaluates the safety of proposed plants during the 
licensing process has a most ‘unfortunate impact on the way operators sre 
trained. Since during the licensing process applicants for licenses 
Concentrate on the consequences of single failuzes, there is no attempt 
in the training program to prepare operators for accidents in which two 
systems fail independently of each other. . iia 


There were significant deficiencies in the management of the TMI-2 
plant. Shift foremen were burdiened with paper work not relevant to 
supervision and could not adequately fulfill their supervisory roles., 
There was no systematic check om the status of the plant cnd the line-up 
ef valves when shifts changed. Surveillance procedures were not 
adequately supervised. And there were weaknesses in the program of 
'. Quality assurance and control. SF tgs ee moras 


~ “We agree that the utility that operates a nuclear pover plant must 
be held legally responsible for the fundamental design and procedures 
that assure nuclear safety. Hawever, the analysis of this particular 
accident raises. the serious question of whether all electric utilities 
‘mutomatically have the necessaxy technical expertise and managerial 
Capabilities for administering such a dangerous high-technology plant. 
We, therefore, recommend the development of higher standards of 
organization and management tht a company must meet before it is j 
granted a license to operate a auclear power plant. 


‘THE TRANSITION 
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We recognize that even with the most expeditious process for 
implementation, recommendations as sweeping as ours will take a 
Significant amount of time to implement. Therefore, the Commission had 
to face the issue of what should be done in the interim with plants that 
are currently operating ‘and those that are going through the licensing 
process. : 


The Commission unanimously voted: 


Because safety measures to afford better protection 
for the affected population can be drawn from the 

high standards for plant safety recommended in this 
report, the NRC or its successor should, on a case-by-case 
basis, before issuing a new construction permit or 
Operating license: (a) assess the need to introduce 
new safety improvements recommended in this report, 

and in NRC and industry studies; (b) review, 
considering the recommendations set forth in this 
report, the competency of the prospective operating 
Micensee to manage the plant and the adequacy of its 
training program for operating personnel; and 

(c) condition licensing upon review and approval-of the 
state and local emergency plans. 


A WARNING 


During the time that our Commission conducted its investigation, a 


number of ether reports appeared with recommendations for improved 


safety in muclear power plants. While we are génerally aware of the 
Nature of these recommendations, we have not attempted a systematic 
analysis of thes. Insofar as other agencies may have reached similar 
conclusioms and proposed similar remedies, several groups arriving at 


_ the seme conclusion should reinforce the weight of these conclusions. 


But we have an overwhelming concern about some of the reports we 
have seen so fax. While mony of the proposed "fixes" seen totally 
appropriate, they do not come to grips with what we consider to be the 
basic problen. We have ststed that fundamental changes must occur in | 
Organizatious, procedures, and, above all, in the attitudes of people. 
No amount of technical "fimes" will cure this underlying problem. There 
have been many previous ravommendations for greater safety for nuclear 
power plants, which have bad limited impact. What we consider crucial 
is whether the proposed improvements are carried out by the same 
Organizations (umchanged}, with the same kinds of practices and the same 
attitudes that were prevaleat prior to the accident. As long as 
proposed improvements are carried out in a "business as usual" 
atmosphere, the fundamental changes necessitated by the accident at 
Three Mile Island cannot be realized. 


+ 
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: We believe that we have conscientiously carried out the mandate of 
the President of the United States, within our limits as human beings 
and within the limitations of the time allowed us. We have not found a 
magic formula that would guarantee that there will be no serious future 
nuclear accidents. Nor have we come up with a detailed blueprint for 
nuclear safety. And our recommendations will require great efforts by 
others to translate them into effective plans. 


Nevertheless, we feel that our findings and recommendations are of 
vital importance for the future of nuclear power. We are convinced 
that, unless portions of the industry and its regulatory agency undergo 
fundamental changes, -they will over time totally destroy public 
confidence and, hence, they will be responsible for the elimination of 
nuclear power as a viable source of energy. 
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The President's Commission on the Accident at Three Mile 
Island, after conducting a stiidy and investigation into the events 
ef that accident and the conditions existing prior to the accident, 
finds and concludes*/: : 


To prevent nuclear accidents as serious as Three Mile Island 
-fundamental chances will be necessary in the organization, 
rocedures, and practices -- and above all -~ in the attitudes 
. -of the Nuclear Reoulatory Commission and, to the extent that the 
institutions we investigated are typicel, of the nuclear 


industry. 
A. -ASSESSMENT OF SIGNIFICANT EVENTS 


» <1. The accident at Three Mile Island (THI) occurred as a 
result of a series of human, institutional, and mechanical failures. 


2. Equipment failures initiated the events of March 28 and 
contributed to the failure of operating personnel (operators, en- 
gineers, and supervisors) to recognize the actual conditions of the 
plant. Their training was deficient and left them unprepared for 
the events that took place. (See finding F.) These operating 
personnel made some improper decisions, took some improper actions, 
and failed to take some correct actions, causing what should have 
been a minor incident to develop into the TMI-2 accident. 


eh erence peer ernrnrereeneneeae 
*/ "Supplemental Views" from.Commissioners are available and will be 


included in the permanent edition of the Commission's report. 
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3. The pilot-operated relief valve (PORV) at the top of the 
pressurizer opened as expected when pressure rose but failed to 
Close whén pressure decreased, thereby creating an opening in the 
primary coolant system *- a small-break loss-of-coolant accident 
(LOCA).*/ The PORV indicator light in the control room showed only 
that the signal had been sent to close the PORV rather than the fact 
that the PORV remained dpen. The operators, relying on the 
indicator light and believing that the PORV had closed, did not heed 

_ other indications and were unaware of the PORV failure; the LOCA 
continued for over 2 hours. The TMI-2 emergency procedure for a 
stuck-open PORV did not state that unless the PORV block valve was 
closed, 2 LOCA would exist. Prior to TMI, the NRC had paid 

- insufficient attention to LOCAs of this size and the probability of 
their occurrence in licensing reviews. Instead,- the NRC focused 

~—..---.--most of its attention on large-break LOCAs. 


TO ree tree at ne meena ot game ay 


4. The high pressure injection system (HPI) -- a major design 
safety system -- came on automatically. cwever, the cperators were 
conditioned to maintain the specified water level in the pressurizer 
and were concerned that the plant was "going solid," that is, filled 
with water. Therefore, they cut back HPI from 1,000 gallons 
per minute to less than 100 gallons per minute. For extended 
periods on March 28, HPI was either not operating or operating at an 
insufficient rate. This led to much of the core being uncovered for 
extemded periods of March 28 and resulted in severe damage to the 
core. If the HPI had not been throttled, core damage would have 
bees prevented in spite of a stuck-open PORV. 


5. TMI management and engineering personnel also had 
difficulty in analyzing events. Even after supervisory personnel 
took charge, significant delays occurred before core damage was 

_ fully recognized, and stable cooling of the core was achieved. 

6. Some of the key TMI-2 operating and emergency procedures 

in use on March 28 were inadequate, including the procedures for a 
- LOCA and for pressurizer operation. Deficiencies in these os 
procedures could cause operator confusion or incorrect action. 


*/ For a definition of loss-of-coolan* accident and other 
technical terms used in the Commission's report, see the Glossary at 


ah 
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. 7. Several earlier warnings that operators needed clear 
instructions for dealing with events like those during the TMI 
accident had been disregarded by Babcock & Wilcox oan) and the 
Nuclear Regulatory Commission (NRC). 


a. In September 1977, an incident occured at the 
Davis-Besse plant, also equipped with a B&W reactor. During that 
incident, 2 PORV stuck open and pressurizer level increased, while 
pressure fell. Although there were no serious consequences of that ’ 
incident, operators had improperly interfered with the HPI, 


- apparently relying on rising pressurizer level. The bavis-Pesce 


plant had been operating at only 9 percent power and the PORV block 


valve was closed approzimately 20 minutes after the PORV stuck open. 


That incident was investigated by both B&W and the NRC, but no 
information calling attention to the correct operator actions was 
provided to utilities prior to the TMI accident. A B&W engineer had 
stated in an internal B&W memorandum written more than a year before 
the TMI accident that if the Davis-Besse event had occurred in a 
reactor operating at full power, "it is quite possible, perhaps 
probable, that core uncovery and possible fuel damage would have 


eecurred." : , 


b. An NRC official in January 1978 pointed out the 
likelihood for erroneous operator action in a TMI-type incident. 
The NRC did not notify utilities prior to the accident. 


c. A Tennesse Valley Authority (TVA) engineer analyzed 
the problem of rising pressurizer level and falling pressure more 
than a year before the accident. His analysis was provided to B&W, 
WRC, and the Advisory Committee on Reactor Safeguards. Again no 
notification was given to utilities prior to the accident. 


8. The control room was mot adequately designed with the 
mamagement of an accident in mind. (See also finding G.8.e.) For 
example: pets 

a. Burns and Roe, the TMI-2 architect-engineer, had 
mever systematically evaluated control room design in the context of 
&@ serious accident to see how well it would serve in emergency 
conditions. 


b. he information was presented in a manner which could 
eonfuse operators: 


(i) Over 100 alarms went off in the early 

: stages of the accident with mo way of suppressing 
_ the unimportant ones and identifying the important 

= ones. The danger of having teo many alarms was 

' gecognized by Burns.and Roe during the design 

stage, but the problem was never resolved. 


(ii) The arrangemest of controls and 

indicators was not well thought out. Some key 

indicators relevant to the accident were on the 
back of the control panel. 
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(iii) Several instruments went off-scale © 
during the course of the accident, depriving the 
operators of highly significant diagnostic 
information.- These instruments were not designed 
to follow the course of an accident. 


(iv) The computer printer registering alarms 
was running more than 2-4 hours behind the events 
and at one point jammed, thereby losing valuable 
information. ; 


c. After an April 1978 incident, a TMI-2 control room 
- . operator complained to his superiors about problems with the control 
room. No corrective action was taken by the utility. 


es 9. In addition to the normal instrumentation present in the 
-° control room at the time of the accident, THI-2 was equipped with a 
.. special data recorder that B&W had tenporarily installed during the 
.. plant start-up and never removed. This data recorder, called a 
_reactimeter, preserved a large amount of information useful in 
post~-accident analysis. This type of data recorder was not required 
..- a$ Standard equipasnt by the NRC. 


10. Those managing the accident were unprepared for the 
significant amount of hydrogen generated during the accident. 
Indeed, during the TMI-2 licensing process whick concentrated on 
large-break LOCAs, the utility represented and the NRC agreed that 
in the event of a large-break LOCA, the hydrogen concentration in 

.. Containment vould not be significant for a period of weeks. In the 

first 10 hours of the IMI accident (a-small-break LOCA), enough 

~ hydrogen was produced in the core by a reaction between steam and 

. the zirconium cladding end tien released to containment to produce a 

~" burn or an explosion that cawsed pressure to increase by 28 pounds 
per square inch ia the contaidimment building. Thus, TMI illustrated 

",. @ situation where NRC emphasis on Large breaks did net cover the 


7, effects observed in a smaller accident. - 


ll. Iodine filters in the auxiliary and fuel handling 
_---buildings did not perform as designed because the charcoal filtering 
Capacity was apparently partielly expended due to improper use 
~---before the accident. Requirsd testing of filter effectiveness for 
“ "the fuel handling building kad been waived by the NRC. There were 
no testing requirements to verify auxilizry building filter 
_. effectiveness. 


12. The nature and extent of damage to the core is not likely 
to be known with assurance until the core materials are recovered 
and carefully examined. However: 


7 a. We estimate that there were failures in the cladding 
i around 90 percent of the fuel rods. The interaction of the very hot. 
cladding with water generated somewhere between 1,000 and 1,300 
pounds of hydrogen gas and converted 44 to 63 percent of the 
zirconium to relatively weak zirconium oxide. as a result of 
oxidation and embrittlement of the fuel rod cladding, several feet 
30 
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of the upper. part of the core fell into the gaps between the fuel 
rods, causing partial blocking of the flow of steam or water that 
could remove heat from the damaged fuel. 


b. Fuel temperatures may have exceeded 4,000°F in the 
upper 30 to 40 percent of the core (approximately 30 to 40 tons of 
fuel). Temperatures in parts of the damaged fuel that were not 
effectively cooled by steam may have reached the melting point of 

the uranium oxide fuel, about 5,200°F. 


c. An NRC study suggests that some of the fuel may have 
become liquid at temperatures above 3,500°F by dissolving in 2 
zirconium-zirconium oxide mixture. The study estimates that the 
amount of fuel that may have melted by this process is from zero to 
a few tons. An independent analysis by Argonne National Laboratory 
suggests that the formation of such a mixture was unlikely. 
dg. Substantial fractions of the material in the reactor 
control rods melted. 


e. There is no indication that any core material made 
comtact with the steel pressure vessel at a temperature above the 
. welting point of stee] (2,800°F). 


13. The total release of radioactivity to the environment from 
March 28 through April 27 has been established as 13 to 17 curies of 
fiedine end 2.4 million to 13 millicn curies of noble gases. (The 
health effects of the radiation released are described in 
, finding 3.) 


a. Five hundred thousand times as much radioactive 
-fiedine (7.5 million curies) was retained in the primary loop. On 
April 1, 10.6 million curies of iodine were retained in the 


ae > eumtainment buildiag's water and about 36,000 curies in the ~ aa 


euntainment 2tmosphere. Four million curies were in the auxiliary 
bildirg tants. Almost all af the radioactive iodine released from 
the fucl] wes retained in the primary system, containment, and the 


oo —< itiary building. Since the accident, most of the short-lived ~~~ 


= vadioactive todine has decayed" and. is’ no longer’ a danger. 


~" ">>" No detectable amounts of the long-lived radioactive 4 
cesiun md strontium escaped to the environment, although ; 
 -e@nsiderzbie quantities of each escaped from the fuel to the water 
-@€ the primary systen, the containment. building, and_ the auxiliary _ 

_ building tanks. ee oem Oe erage epee 
ease *“"e--- Most“ radioactivity @ escaping to the environment was in 
(the form of fission gases transported through the coolant let-down/ _ 
wake-up systen into the auxiliary building and through the’ erage 
> €ilters and the vent header to the outside’ eraosnBere: ie 


awn es ay = 2 aera e = wee ee . i a 


E pay ad 


ee ra ~"The major release of radioactivity on the morning of 


march 3 30 was caused by the controlled, planned venting of the 


‘make-up tank into the vent header.” “The header was known to have a ~~ 
leak. a ee Cee ae 
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14. The process of recovery, cleanup, and waste disposal will 
be lengthy, costly, and presents its own health dangers. Cleanup of 
the reactor and auxiliary buildings and disposal of approximately 
one million gallons of radioactive water, a substantial amount of 
radioactive gases, and the solid radioactive debris within the 
reactor vessel remain to be done. ; 


15. The cost of the accident, including this cleanup and a 
portion of the waste disposal, will be between $I billion and 
$1.86 billion, if the plant can be refurbished. I£ it cannot be 
refurbished, the total cost will be significantly higher. aAn 
independent study prepared for the Commission estimates these costs 
as follows: 


Low Mediun High 
(Millions of dollars) 
Refurbish THI-2 


Emergency Management $ 120 $ 160 $ 225 
Replacement Power*/ 678 966 1,128 
Plant Refurbishnent - 249 306 503 

Total**/ $1,047 $1,432 $1,856 


16. The 1974 WASH 1400 Reactor Safety Study (the Rasmussen 
Report) analyzed events, equipment failures, and human errors that 
could happeu during reactor accidents, including those associated 
with the TMI accident. However, NRC has not made systematic use of 
WASH 1400, a major study commissioned by the Atomic Energy 
Commission {AEC}, in its design review analyses. WASH 1400 showed 
that small~break LOCAs similar in size to the accident at TMI were 
much more likely to occur than the design basis large-break LOCAs, 

_ and caa lead to the same comsequences. Further, the probability of 
occurrence of am accident like that at Three Mile Island was high 
enough, based om WASH 1400, that siace there had been more than 400 
weactor years of muclear power plant operation in the United States, 
wuch am accident should have been expected during that period. 


*/° The low case assumes TMI-2 will be. returned to service in 


January 1983, the medium assunes January 1984, and the high assumes» 
January 1985. : cere 


¥*/ The costs associated with health effects have been deleted from 
this table. The costs projected by the study had a minimal effect 
on the total costs projected. The Cousmission believes that the 
analysis of health effects costs was imsufficent to reach the 


_. eonclusion set out in the study. 
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: .17. The Commission tried to determine what would have happened 

if certain additional events had occurred during the accident. For 

@ a discussion of these scenarios, see the Commission Overview and the 
technical staff analysis report on."Alternative Event Sequences." 


a 
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B. REALTH EFFECTS 
1. Based on available dosimetric and demographic information: 


a. It is estimated that between March 28 and April 15, 
the collective dose resulting from the radioactivity released to the 
population living within a 50-mile radius of the plant was approxi- 
mately 2,000 person-rems. The estimated annual collective dose to 
this: population from natural background radiation is about 240,000 
person-rems. Thus, the increment of radiation dose to persons 
living within a 50-mile radius due to the accidént was somewhat less 
than one percent of the annual background level. The average dose 
to a person living within 5 miles of the nuclear plant was 
calculated to be about 10 percent of annual background radiation and 
Bropeety was less. 


b. The maximum estimated ‘cadiation dose received by any 
one individual in the off-site general population (excluding the 
plant workers) during the accident was 70 millirems. On the basis 
of present scientific mowledge, the radiation doses received by the 


-gemeral population as a result of exposure to the radioactivity - 


released during the accident were so small that there will be no 
detectable additional cases of cancer, developmental abnormalities, 
or genetic ill-health as a consequence of the accident at TMI. 


ce. During the period from March 28 to June 30, three TMI 


workers received radiation doses of about 3 to 4 rems; these levels 
exceeded the NRC maximum permissible quarterly dose of 3 rems. 


d. The process of recovery and cleanup presents . 
additional sources of possible radiation exposure to the workers and 
the general population. 


2. | There were deficiencies in instrumentation for measuring 
the radioactivity released, particularly during the early stages of 
the accident. However, these deficiencies did not affect the 
Commission staff's ability to estimate the radiation doses or health 


effects resulting from the accident. 
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The health effects of radiation dose levels of a few rens 


or less aré not known. Estimates of the potential health effects of 
the THI accident are based on extrapolations from the known health 


effects of higher levels of radiation. 


4. 


‘ 


. 


The major health effect of the accident appears to have 


been on the mental health of the people living in the region of 
Three Mile Island and of the workers at TMI. There was immediate, 
short-lived mental distress produced by the accident among certain 


groups of 


the general population living within 20 miles of TMI. The 


highest levels of distress were found among adults a) living within 
5 miles of THI, or b) with preschool children; and among teenagers _ 


a) living 


within 5 miles of THI, b) with preschool siblings, or c) 


whose families left the area. Workers at TMI experienced nore 
distress than workers at another plant studied for comparison 


purposes. 
~- employees 


rn 
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This distress was higher among the nonsupervisory 
and continued in the months following-the accident. 
i 
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C. PUBLIC HEALTA : 


1. The Nuclear Regulatory Comnission has primary 
responsibility and regulatory authority for health and safety 
measures as they relate to the operation of commercial nuclear 
plants. While the NRC has certain requirements in connection with 
radiation exposure and medical monitoring of workers at nuclear 
plants, it has no requirements for medical examination of workers 
other than licensed reactor operators, and even those exafinations 
are only performed to assure that the operators do not have physical 
or meztal conditions that might impair their ability to perfom 
their jobs safely. Metropolitan Edison's (Met Ed) administrative 
procedures go beyond this NRC requirement and provide that all 
radi2ztion workers receive routine medical examinations to assess any 
possible ‘radiation-related illnesses. The NRC only requires 
monitorins and reporting of radiation exposure for workers who, in 
the utility's view, are likely to receive doses beyond NRC-specified 
levels. iNet Ed does not keep, and the NRC does not require it to 
report, «= record of the total radiation exposure of workers froa 
both occupational and nonoccupational (for example, medical and 
dental) -sources. 


2. The Public Health Service agencies of the U.S. Department © 
of Health, Education, and Welfare (HEW),*/ whose sole mission is: 
protection and promotion of the public health, have very limited 
responsibilities with respect to radiological health matters 
relating ‘to the location, comstruction, and routine operation of 
commercial nuclear power plants. ; 


3. Although there were designated channels of communication | 
and specific responsibilities assigned for federal agencies 
responding to the radiological emergency at THI (for example, 
Interagency Radiological Assistamce Plan), the existence of these 
channels and responsibilities was generally unknown to many 
high-level federal officials. In sevéral instances during the 
course of the accident, some federal agencies were unaware of what 
other fecteral agencies were doing in providing support personnel and 
resources. 


*/ = =Now the U.S. Department of Health and Human Services. 
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4. Research on the biological effects of ionizing radiation 
is-conducted and/or sponsored by a number of federal agencies. In 
fiscal year 1978, the federal government spent approximately 
$76.5 million on such research. - More than 60 percent of this 
funding was provided by the U.S. Department of Energy. With the 
exception of potassium-iodide, there are no drugs presently approved 
by the Food and Drug Administration for the prevention or mitigation 
of adverse effects of ionizing radiation. 


5. States have primary responsibility for protecting the 
health and safety of their citizens. Pennsylvania public health 
officials and health-care providers in the TMI area did not have 
sufficient resources to respond to the potentially serious health 
consequences of the accident at TMI. Responsibility for 
radiological protection in Pennsylvania rests with the Department of 
Environmental Resources (DER). At the time of the accident, the 
Pennsylvania Department of Health was not organized to respond to 
radiological emergencies, and maintained no formal liaison with DER 
on radiological health matters. 


6. During the accident, TMI-area hospital administrators 
found no one at the state level with authority to recommend when to 


-evacuate patients and when to resume normal admitting procedures. 


The Pennsylvania Secretary of Health viewed his department's role 
with respect to area hospitals as informational, not advisory. 


7. During the first days of the eccident, Met Ed did not : 
notify its physicians under contrzct whe would have been responsible 
for the on-site treatment of injured, contaminated workers during 
the accident. The: emergency radislogical medical care training 
provided to these physicians to provide on-site emergency care to 
such workers was inadequate. 


é 8. Met Ed experienced several radiation protection problems 
during the accident: a) the emergency control center for health 
physics operations and the anzlytical laboratory to be used in 
emergencies was located in an area that became unirhabitable in the 
early hours of the accident; b) there was a shortage of respirators; 
and c) there was an inadequate sugply of uncontaminated air. 


9. . NRC regulations on he2ith physics education of nuclear 
power plant workers leaves the details of such things as course 
content, frequency, and attendance to the discretion of the 
licensee, subject to NRC inspection. Similarly, NRC regulations for 
environmental radiological monitoring Leaves the details and methods 
of how these requirements are to be implemented (for example, types 
ef dosimeters, kind of sample analysis) to the discretion of the 
licensee, subject to NRC inspection and approval. 


37 


COMMISSION FINDINGS 


D. EMERGENCY RESPONSE 


“Z. Planning for the protection of the public in the event of 
a radiological release that extends beyond the boundary of TMI was 
highky complex. It involved the utility and government agencies at 
the local, state, and federal levels. That-complexity posed 
problems in the case of the accident at Three Mile Island; some of 
the written plams that existed had not been coordinated and 
contained different systems for classifying accidents and different 
guidelines for notifying government officials. 


2. In approving sites for reactors, thé NRC has required 
licensses te plan for off-site consequences of radioactive releases 
only within the “low population zone” (LPZ), an area containing 
"residents, the total nusber and density of which are such that 
there is a reasonable probability that appropriate protective 
measures could be taken in their behalf in the event of a serious 
accident." As calculated for the design-basis accident for THI-2, 
this zone was a 2-mile radixs. 


: 3. Emergency planning had a low priority in the NRC and the 
AEC before it. There is evidence that the reasons for this included 
their confidence in designed reactor safeguards and their desire to 
avoid raising public concern about the safety of nuclear power. 


&. The NRC has not made the existence of a state emergency or 
evacuation plan a condition for plant Licensing. A state may volun~ 
tarily submit a response plan to NRC fer comcurrence, and if the 
plaw meets NRC guidelines ~- which do not have the force of law <= 
the state receives a formal letter of concurrence. At the time of 
the accident, Pennsylvania did not hawe an NRC comcurred-in plan. 
The SRC concurreace program has been called ineffective by federal 
and state emergency preparedness officials. 


3. The utility has the responsibility to prevent or to 
mitigate off-site radiation releases and to notify the government 
agencies designated in its emergency plan in the event that an 
emergency is declared. Federal, state, and local agencies are 
responsible for off-site response to radiation releases. At the 


Pennsylvania before the accident. The 5-mile emergency plans were 
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time of the TMI accident, the local and county govertments had the 
primary action role once notified of the emergency. None of the 

local communities within the 5-mile radius of the plant had emergency 
plans, and the existing county plans did not include detailed evacuation 
plans. 


6. At all levels of government, planning for the off-site 
consequences of radiological emergencies at nuclear power plants has 
been characterized by a lack of coordination and urgency. For 
example, a federal response plan in preparation since 1974 by federal 
emergency preparedness 2gencies was unfinished at the time of the 
accident because of an interagency jurisdictional dispute and lack 
of communication. Pennsylvania did not begin to develop a radiological 
emergency plan until 1975, even though nuclear power plants had been 
operating within its borders for at least a year prior to that time. 
People who attempted to generate interest in radiological emergency 
planning at the local level near THMI_ found local officials apathetic. ‘ 
Part of the reason for this was the attitude fostered by the NRC ; 
regulatory approach, and by Met Ed at the local level, that 
sadiological accidents having off-site consequences beyond the LPZ 
were so unlikely as not to be of serious concern. 


7.° %Imteraction among NRC, Met Ed, and state and local 
emergency organizations in the development, review, and drill of 
emergency plans was imsufficient to ensure an adequate level of 
preparedness for a sexious radiological incident at TMI. 


$8. Although NEC personnel were. on-site within hours of the: 
@eclaretion of a site emergency and were in constant contact with 
the wtility, the NRC -wss not able to determine and to understand the 
true seriousness and mature of the accident for about 2 days, when 
the fzct of extensive core damage and the existence of the hydrogen 
ibubb Le wer generally recognized within NRC. 


' Q, . During the first 2-% dzys of the accident, communications 
between the NRC Incicenst Response Center in Bethesda, Maryland, 
where the ssaior mamagenent wa. located, and the site were such that = 
genior mamegement officials foumd it extremely difficult to obtain 
gp-te-date information. Communications were so poor on Friday 
porming that the senior managemert could not and did not develop a 
tleax understanding wi conditions at the site. As a result, an 
wacuatiorn was recocmended to the state by the NRC senior staff on 
the basis wf fragment:ary and partially erroneous information. 
Communicat‘iens did not improve wmtil Harold Benton, designated the 
sole source of information, arrived on the site and communicated 


with 3RC besdquarters,, the Governor's ai and the White House by 


White House communicz‘tions line. . a 


10. The reslity ef possible evacuation was quite different 
from the theoretical planning requirements imposed by the NRC and 


developed according to a Pennsylvania requirement for emergency 
planning within a S-aile radius of nuclear power plants. The 
Pennsylvania requirement was stricter than that prescribed by NRC, 
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which only required TMI to have a plan for a radius to 2 miles. 
(See finding D.2.) It is known that the consequences of a 
postulated major release to the atmosphere from a reactor accident i 
could lead to significant doses of radiation being received many 

tens of miles from the site of the accident. At TMI-2, although the 
radiation releases vere significantly lower than the design-basis 

accident, evacuation was being considered for distances much greater 

than 2 miles. During the TMI accident, NRC believed that the 

Consequences of the accident might extend far beyond the 2- or 

S-mile radius. As a result, evacuation plans were hurriedly 

developed for distances of 10 and 20 miles from the plant. 


ll. During the most critical phase of the accident, the NRC 
Was working under extreme pressure in an atmosphere of uncertainty. 
The NRC staff was confronted with problems it had never analyzed 
before and for which it had no immediate solutions. One result of 
these conditions was the calculational errors concerning the 
bydrogen bubble, which caused the NRC to misunderstand the true 
conditicnus in the reactor for nearly 3 days. 

12. On Friday and Saturday, certain NRC officials incorrectly 
concluded that a hydrogen bubble in the reactor vessel would soon 
entain enough oxygen to burn or explode. Ignoring correct 
“information supplied by a B&W employee and certain members of its 
swa staff, NRC relied instead upon incorrect information supplied by 
either members of its staff and by others that sufficient oxygen was 
“being formed from water radiolysis to reach a concentration } 
ssufficient for a burn or explosion. Based on this information, the 
‘NRC commissioners began fornulating new recommendations for 
<evacuatiou. On Sunday, NRC staffers obtained information fron 
sseveral national laboratories and from General Electric and 
‘Westinghouse that sufficient oxygen could not form. The Sunday 
imformation ended the concern about oxygen formation and evacuation. 
fThis incident suggests that YRC lacks sufficient knowledge and 
“expertise in water radiolysis. . 


13. The role of the NRC commissioners and their yee 
‘decision-making process during the accident were ill-defined. - 
‘Although the commissioners on Friday assumed responsibility for 
waking recommendations to the Governor concerning Protective action, 
ithere was no apparent Procedure by which tssues and staff a 
yrecommendations were explored and resolved. The commissioners were 
‘preoccupied with matters such as the details of evacuation planning 
sand the drafting of a press release. ee 

14. Existing emergency plans were not designed to meet the 
‘demands of a protracted crisis. The plans had no mechanisms for 
establishing reliable communications among the on-site and the 
‘several off-site organizations responsible for various aspects of 


‘the emergency response. 


15. There were no hospitals within § miles of TMI, but there Y 
were several hospitals within the expanded, proposed evacuation 
zones. The NRC estimated that it would be able to give officials a 
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estimated they would need substantially- more time to evacuate 
patients. . 


16. During the TMI accident, the actual radiation levels 
outside the plant were low, but there was uncertainty about the 
possibility of serious releases on short notice. Federal and state 
officials disagreed about the nature of the information on which to 
base evacuation decisions and other protective actions during the 
emergency. Some officials based their decisions on actual radiation 
exposure levels, while others based their decisions on concerns 
about potential releases of large amounts of radioactivity. For 
example,.the Pennsylvania Bureau of Radiation Protection told the 
Governor on Friday that radiation levels indicated that no , 
protective action of any kind was required; on that same morning, 
NRC Chairman Hendrie recommended that pregnant women and young 
children be advised to leave the area near the plant because of his 
concern about possible releases of radioactivity. 


17. At approximately 12:30 p.m., March 30, Governor Thornburgh 
advised pregnant women and preschool aged children to leave the ezrea 
within a S5-mile radius of THI until further notice. A substantial 
-Bumber of other persons, including health professionals, voluntarily 
left the area around the plant during the weekend of March 30 
through April 1. The advisory to pregnant women and preschool 
children was lifted on April 9. . 


18. Throughost the accident, the Pennsylvania Emergency 
Management Agency (PEMA) received reports concerning conditions at 
the site from the Bureau of Radiation Protection. During the first 
2 days of the accident, however, the director of PEMA also received 
background information on the status of the plant from the 
Governor's offices by attendimg meetings and press conferences and 
relayed that infornatiion to county organizations, which, in turn, 

- informed the local civil defense directors. Starting Saturday, the 
PEMA director was no longer inclutied im these meetings with the 


result that PEMA end county and Imcal civil defense organizations == 


had to rely primezrily on the news media for information about 
conditions st the sits. They found this an umsatisfactory source of 
information and believed that this arrangement compromised their 
effectivemess in responding to the accident.. 


19. Whe THI emergency plan did not recuire the utility to 
notify state or Teczi health authorities in the event of a 
radiological accident. (See also finding C.7.) = 


20. ‘For over 25 years, the use of blocking agents such as 
potassium fiodide to prevent the accumulatiom of radioiodine in the 
thyroid giand has been mown. The effectivesess of potassium iodide 
administration for thyroid gland protection in the event of releases 
of radioiodine was recognized by the National Council on Radiation 
Protection and Measurement in 1977. The Food and Drug 
Administration authorized use of potassium iodide as a 
thyroid-blocking agent for the general public in December 1978. 
However, at the time of the TMI accident, potassium iodide for this 
use was not commercially available in the United States in 
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quantities sufficient for the population within a 20-mile radius of 
TMI. At the time of the accident, Met Ed had no supply of potassium 
fodide on-site. A crash effort by the federal ‘government and 
private industry resulted in delivery of substantial supplies of 
potassium iodide to Pennsylvania within 2 days of the decision to 
obtain such supplies. : 
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E. THE UTILITY AND ITS SUPPLIERS 


Ls In a number cf important cases, General Public Utilities 
Corporation (GPU), Met Ed, and B&W: failed to acquire enough 
information about safety problems, failed to analyze adequately what 
information they did acquire, or failed to act on that information. 
Thus, there was a serious lack of communication about several 
Critical safety matters within and among the companies involved in 
the building and operation of the THI-2 plant. A similar problem 
existed in the NEC. (See finding 6.) : 


a. The September 1977 incident at Davis-Besse, another vie 
_ plant with a D&W reactor, foreshadowed several aspects of the THI-2 
accident. A serious warning by a senior eogimeer at B&W that more 
precise instructions be given to operators "fell between the 
cracks." This warning, issued 13 nonths before the TMI-2 accident, 
if heeded, could have prevented the accident. (See also 

finding A.7.a.) ey . 


' b. Nine times before-the TMI accident, PORVs stuck open ; asi 
at B&W plants. B&W did not inform its customers of these failures, : 
gor did it highlight them in its om training program so that : > 
operators would be aware that such a failure causes a small-break 
LOCA. | . ee 


Se onan cae oe ae 


- © A-veport by an engineer at TVA questioning how 
operators might respond to rising pressurizer level and falling 
pressure was sent to B&W im April 1978. B&W took 9 months to 
respond and never advised its utility customers of the concern 
expressed in the report. - The comcern was siwilar to the one which 
B&W itself had identified from the Davis-Besse incident. — 
ae dg. . IMI-2.had repeated problems with the condensate GP 2 sti eer 
polishers. During the 18-month period before the accident, no ee 
effective steps were taken to correct these problems. These 
polishers probably initiated the March 28 sequence of events. ._ 


OR ea 


‘tour: @e: The THI-2 operators had never had specific training 
about. the dangers of saturation conditions in the core, although 
they were generally familiar with the concept. Although Met Ed ; 


. 
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believed saturation had occurred in an incident a year before the 
accident that could have led to core uncovery; its hazards were not 
emphasized to the operators. When saturation occurred again on 
March 28, operators did not recognize the significance of that fact 
and take corrective action promptly. . 


. £. After an incident at TMI-2 a year earlier during 
which the PORV stuck open, an indicator light was installed in the 
control room. That light showed only that a signal had been sent to 
close the valve <= it did not show whether the valve was actually 
closed -- and this contributed to the confusion during the accident. 
(See finding A.3.) 


Timely attention to all of these factors probably would have 
prevented the accident, . 


2. The GPU Service Corporation (GPUSC) had final 
responsibility for design of the plant. However, by its own 
“account, it lacked the staff or expertise in certain areas to 
discharge that responsibility. Once construction was complete, 
GPUSC turned the plant over to Met Ed to run, but Met Ed did not 
have sufficient knowledge, expertise, and personnel to operate the 
plant or maintain it adequately. 


3. Responsibility for Management decisions was divided among 
the TMI site, Met Ed, and GPU. GPU recognized in,early 1977 that 
integration of @perating responsibility into one organization was 
desirable. A management audit by Booz, Allen, and Hamilton 
completed ia the sprimg of 1977 recommended clarifying and 
reevaluating the roles of GZUSC and Met Ed in the design and 
Construction of mew facilities; strengthening communications between 
GPUSC and Met Eds and establishing minimum standards for the safe 
operation of GPil’s nuclear plants. However, integration of 
managesent did not occur until after the accident. 


4. Whe Met Ed management systems, precedures, and practices 


= did not Provide Met Ed 2 fim understanding of TMI's operations, nir 


were effective systems of checks and balances in use. 


a. et Ed had a plan for a quality assurance program 
that met NRC reqguwirenents. The NRC reqgirements, however, were 
inaGequate becarse they did not require quality assurance programs 
to be applied to the plant as a whole, but rather only to systems 
classified as "safety-related." Neither the PORV nor the condensate 
polishers were classified as “safety-related.” In addition, the NRC 
did mot require the level of independent review (i.e., outside of 
line «mznagement)) aormally found ia the quality assurance programs of 
safety-critical industries. 


b. There was oo requirement for an independent (i.e., 
“outside of line management) safety assessment of operating 
procedures. Independent audit of the performance of surveillance 
procedures was required only every 2 years. 
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c. Met Ed's implementation of its own quality assurance 
@ plan was found to contain significant deficiencies by the Commission 
staff and in an NRC post-eaccident audit of TMI-2. For example: 


(i) There were not enough inspectors to do | 
the inspections required under the Met Ed plan. 


° (ii) The NRC audit reported deficiencies in 
maintaining "as built" drawings and in the 
purchasing of "safety-related" equipment without 
quality controls. ; 


(iii) Although all plant procedures were 
required to be reviewed every 2 years, there was 
mo plan for such a review and no review had in 
_. fact been made of those TMI-2 procedures that were 
more than 2 yeers old. a fe : 


{iv) Although such inspections were required, 
Wet Ed had not scheduled or conducted any 
inspections of materials, components, or equipment 
in storage. 


(v7) There were deficiencies in the 
Pi reportiog, analysis, and resolution of problems in 
"safety-related" equipment and other events 
@ required to be reported to the NRC. wuts 
(vi) Independent assessment of general plant 
operations was minimal. 


dad. Met Ed did mot go beyord NRC requirements in such 


areas as: ae 
(i) Requiring reporting, resolution, and ‘- us 
trending of probl.ess in plant equipment and . 
procedures which were not "safety-related." 
{ii) Applying its quality assurance program : 
to the operation of non-"safety-related™ equipment 
and tems vital to plant operation, consistent « 


with the importamc: of those systems to safety. 
For example, no quality assurance review was given 
to radiation monitoring equipment, control rod 
drive mechanisms, hydrogen recombiners, the PORV, 
or condensate polishers. In addition, Met Ed's 
quality assurance program was not applied to the 
@aintenance or tixe procedures associated with such 

sf gon-“safety~related" equipment. 

As a result of these deficiecacies, the safe operation of the 
@ TMI-2 plant was impaired. 


5. Utility management did not require attention to detail as 
away of life at Three Mile Island. For example: 
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a. Management permitted’ operation of the plant with a 


aimbar of poor control room practices: 


(i) A shift supervisor testified that there 
had never been less than 52 alarms lit in the 
control room. 


(ii) THI Commission staff and NRC inspections 
- poted a large number of control room instruments 

out of calibration and tags hanging on the ~ 

instrument panel indicating equipment out of 


‘2-25. service. Operators testified that one of these 


tags obscured one of the emergency feedwater block 
---- control valve indicator lights. 


(iii) When shifts changed in the control room, 
there was no systematic check on the status of the 
~* - plant and the line-up of valves: 


‘bb. There were deficiencies in is review, approval, and 


sean enenraeen of THI-2 plaat procedures. 


-— (i) Althorgh Met Ed procedures required closing 
>> --the PORV block valve when temperatures in the 

*. Saligige exceeded 130°F, the block valve had not 
been closed at the time of the accident even 
-though temperatures had been well above 130°F in 
ae tailpipe for weeks. © 


G i) Operators were not given adequate 
> gnformation 2bout temperatures to be expected in 
S----the PORV tatipine after the PORV opened. 


--- -(4ii) A 1978 B&W saahyeis of a certain kind of 
.. small-break LOCA was misinterpreted by Met Ed. 

That misinterpretation was incorporated by Met Ed 
into the LOCA energency procedure available at the 

a ee of the accident. 

an (iv) Operating and emergency procedures that had 

“=> been approved by Met Ed and were in use at the 

t. -time of the accident cratained maay minor 

it. substantive errors, typegraphical errors, and =~ 

imprecise or sloppy teminology. Some were : 

inadequate. (See finding A.6.) 


4a, 
! ' 


4¢ Mpa 


" (w) A 1978 cevision im the TMI-2 surveillance 

ae procedure for the emergency feedwater block valves 
=~ violated TMI-2's technical specifications, but no 
| one realized it at the time. The approval of the 


‘ ee hps et 


revision in the surveillance procedure was not 
done according to Mec Ed's own administrative 
procedures. : 
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(vi) Performance of surveillance tests was not 
adequately verified to be sure that the procedures 
Were followed correctly. On the day of the 
accident, emergency feedwater block valves which 
should have been open were closed. They may have 
been left closed during a surveillance test 2 days 
earlier. : 


c. There were deficiencies in maintenance: 


(i) After the accident, valves in the TMI-1 
Containment building exhibited long-term lack of 
Maintenance. Boron stalactites more than a foot 
long hung from the valves and stalagmites had 
built up from the floor. 


(ii) Review of equipment history for the 6 months 
prior to the accident showed that a number of 
equiprent items that figured in the accident had 
had a poor maintenance history without adequate 
Corrective action. These included the pressurizer 
level transmitter, the hydrogen recombiner, 
pressurizer heaters, make-up pump switches, and 
the condensate polishers. 


{iii) Despite a history of problems with the 
fondemsate polishers, procedures were not changed 
f. ensure that operators would bypass the 
polishers during maintenance operations to protect 
the plant from a possible malfunction of the 
polisher. 


ad. After the accident, radiological control practices 
were observed to be deficient. Contaminated and potentially 
contaminated equipment was found in uncontrolled areas of the 
auxiliary building. 


e. Traiming of operators and supervisors did not give 
sufficient emphasis t» a fundamental understanding of the reactor. 
There was no comprehensive evaluation of operator performance on the 
job to meet the requalification requirements of 10 CFR 55. (See 
finding F.) . 

£. Reports of operating experiesce at other plants were 
screened by technical analysts who did not have nuclear backgrounds. 
They were given no imstruction in how to screen such operating 
reports, according tm Station Namager Gary Hiller. The technical 
analysts roiited experience summaries to designated people at TMI. 
The routing sometimes took several months. The person in the 
training department who was assigned to review these summaries often 
did not get to them for several months after he received them 
because of the press of other work. The training department held 
only one 2*hour class per year on operating experience at other 
plants. - 
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g- There was no group with special responsibility for 
receiving and acting upon potential safety concerns raised by 
employees. 


h. Management did not assure adequate identification of 
piping and valves throughout the plant. The Commission staff noted 
that pipe and valve identification practices were significantly 
below standard industrial practices. Eight hours into the accident, 
Met Ed personnel spent 10 minutes trying unsuccessfully to locate 
three decay heat valves in a high radiation field in the auxiliary 
building. 


i. Management did not assure that Licensee Event Reports 
(LER) met basic NRC requirements. A review of TMI-2's LERs 
disclosed repeated omissions, inadequate failure analyses, and 
inadequate corrective actions. 
J. Met Ed did not correct deficiencies in radiation 
monitoring equipaent, although the deficiencies were pointed out by 
an NRC audit months before the accident. 


k. On November 3, 1978, a mechanic: caused 2 complete 
shutdown of the plant, including exercising of emergency systems, 
when be trisped a switch on the polisher electrical panel, thinking 
he was turning om a light. The only corrective action was to put a 
guard on the switch. wo : 

1. Sensitive areas of the plant were accessible to large 
gunbers of people. Om the day before the accident, as many as 
450 people bad access to the auxiliary building. 


m. The manval control station of the polisher bypass 
walwe was nearly inaccessible and took great effort, in a physically 
avkward position, to operate. . 


: m. ndine filters were left. in continuous use rather 
than being preserved to filter air in the event of radioactive 
wontaminaticn. As a result, they did not have full capacity on the 
@ay of the accident. (See finding A.Il.). : 
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F. TRAINING OF OPERATING PERSONNEL _ 


1. Training of Met Ed operators and supérvisors was 
inadequate and contributed significantly to the seriousness of the 
accigeat. The training program gave insufficient emphasis to 
pricmciples of reactor safety. _ 


2. The THI training program conformed to the NRC standard for 
training. Moreover, TMI operator license candidates had higher 
scowes than the national average on NRC licensing examinations and 
opewating tests. Nevertheless, the training of the operators proved 
to te inadequate for responding to the accident. : 


3. NRC standards allowed a shallow level of operator 
training. 


a. The Operator Licensing Branch activities were 
principally restricted to preparing and giving initial licensing : 
examinations and occasional visits to vendors for an informal spot , 
chek of start-up certification tests. The branch was heavily 
involved in the initial start-up of the B&W cold licensing program oa 
in ‘the early 1970s. A paper review of B&W's course for ney plant 
operator training was performed withcut comment in 1976. 


b. NRC prescribed only minimal requirements for operator 
training. There were no minimum educational requirements for 
opewetors; there was no requirement for checks to be made on the 
psychological fitness of candidates or whether they had criminal 
records. é 


ce. An individual could fail parts of either the NRC 
licensing examination or the utility requalification examination, 
inciuding sections on emergency procedures and equipment, and still 
pass the overall examination by getting a passing average score, and 
qualify to operate the reactor. 

d. The NRC had no criteria for the qualifications of 
those individuals who carry out the operator training program. It 
also did not conduct regular in-depth reviews of the training 
programs. : oe 
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4. Met Ed had primary responsibility for:the training of 
operators. The quality of the training program at TMI was low. 


a. The training program was. quantitatively and qualita- 
tively understaffed as well as conceptually weak; emphasis was not 
given to fundamental understanding of the reactor and little time 
was devoted to instruction in the biological hazards of radiation. 
The content was left to the imstructors, who had no greater formal 
educational qualifications than those of their students. 


b. TMI-2’s station manager, unit superintendent, and 
supervisor of operations were not involved in operator training. 


c. With NRC approval, the unit superintendent and the 
station manager at TMI were only required to acquire the experience 


and training necessary to be examined for a senior redctor operator 
license, but were not required to hold such a license. 


d. Although auxiliary opetators performed tasks that 
could affect reactor power level or involve the handling of 
Yatlioactive material, there was no formally defined training program 
for thes. ; ; 

e. Met Ed did not request waivers from employees with 
mavel reactor experience to allow examination of their Navy records. 


5S. TMI contracted with B&W to carry out a portion of the TMI 
operator training. B&W performed only those functions specifically 
required under the agreezent. 


a. There was little interaction in B&W between those who 
conducted training and those responsible for nuclear plant design. 
Course content amd conduct of courses were made up by the B&W 

: trainiog department, emtirely on its own. There were no formal 
~.- syLlabi or training mammals. ‘. 


ON 


b. The simulator #t B&W was a key tool in the training 
of operators. Simulator traiming did not include Preparation of the 
-- ox @perators for aultiple-failure accidents. Indeed, the B&W simulator 
. W8S MOL, prior to March 28, programmed to reproduce the conditions 
that confronted the operators during the accident. It was unable to 
simulate increzsing pressurizer level at the same time that reactor 
coolant pressure was dropping. 
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G. THE NUCLEAR REGULATORY COMMISSION 
Soe _RECLEAR REGULATORY COMMISSION 


1. A purpose of the Energy Reorganization Act of 19874 was to 
divorce the newly created NRC from Promotion of nuclear power. 
According to one of the present NRC commissioners, "I still think it 
[the NRC] is fundamentally geared to trying to nurture a growing 
industry." We find that the NRC is SO preoccupied with the 
licensing of plants that it has not given primary consideration to 
overall safety issues. 


2. NRC labels safety problems that apply to a number of 
plants as "generic." Once a problema is labeled "generic," the 
licensing of an individual plant can be completed without resolving 
the problem. NRC has a history of leaving generic safety problens 
unresolved for periods of many years -~ for example, the problen of 
-anticipated transients without scram. In 1976 during the TMI-2 
operating license (OL) review, the Advisory Committee on Reactor 
Safeguards recommended, as they did in at least one other OL review, 
that prior to commercial operation further evaluations be done of 
various possible accidents, including low~probability accidents. 
NRC staff designated this as a “generic issue." TMI-2 received its 
OL 2 years later without the resolution of the issue. 


3. Although NRC accumulates an enormous amount of information 
on the operating experience of plants, there was no systematic 

method of evaluating these experiences and looking for danger 

signals of possible generic safety problems. In 1978, the General. 
Accounting Office criticized NRC for this failure, but no corrective 
action had been taken as of the TMI-2 accident. 


4. The NRC commissioners have largely isolated themselves 
from the licensing process. Although the commissioners have adopted 
unnecessarily stringent ex parte rules to preserve their 
adjudicative impartiality, they have also delegated most of their 
adjudicative duties to the Atomic Safety and Licensing Appeal Board 
and actually adjudicate approximately 25 percent of all licensing 
decisions. That figure is misleadingly high, in part because a 
number of the decisions do not represent significant adjudicatory 
events and include decisions on exports. The commissioners have 
also isolated themselves from the overall management of the NRC. 

$1 
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One of the present NRC commissioners, testifying before Congress, 

said, "There has, I think, been too little Commission involvement in 

the setting of safety policy in this agency and too little 

Commission gusdsnce on safety matters to the staff and to the 

board." — 

5. The major offices within the NRC operate independently 

with little evidence of exchange of information or experience. For 
example, the fact that operators could be confused due to reliance 
on pressurizer level had been raised at various levels within the 

- NRC organization. Yet, the matter "fell between the cracks" and 
never worked its way out of the system prior to the TMI-2 accident. 


6. Licensing of a nuclear plant is a two-step process. First, 
the company must obtain: a construction permit (CP) and several years 
later must obtain an operating license (OL). The CP stage does not 
require complete design plans, and therefore the full safety review 
does not occur until the OL stage. By then, hundreds of millions of 

dollars have been spent or committed in tiie construction process. 
Therefore, the ultimate safety review may be influenced by economic 
considerations that can lead to a reluctance to order major changes 
.at the OL stage... 


7. The Advisory Committee on Reactor Saféguards (ACRS) 
reviews all applications for licenses and poses whatever questions 
it deems appropriate. The ACRS is the only body independent of the 
NRC staff which regularly reviews safety questions. However, it has 
established no firm guidelines or procedures, and generally has only 
. ‘monthly meetings of limited duration. ACRS members are part-time 
= and have a very small staff, thus they must rely heavily on the NRC 

.. staff for follow-up of their concerns. ACRS members tend to 
concentrate on their own particular areas of expertise, thereby are 
>: vesulting in a fragmented licensing review. oe 


sa 8. There are serious inadequacies in the NRC licensin 
: : q 
Lo process. < : : 


. ane ed Applicants for licenses are only required to analyze 
“single-failure" accidents; they are not required to analyze what 
ee ae or ee when two systems or components fail independently of each hey 
ie ee > other. The accident at TMI-2 was a multiple-failure accident. Ss 
go oP b. NRC's design safety review places primary emphasis on 


=~ those items labeled “safety-related.” This designation is crucial 
“"~ gince items not labeled "safety-related" need not be reviewed in the 
2... licensing process, are not required to meet NRC design criteria, 
m,,, eed not be testable, do not require redundancy, and are ordinarily 
not subject to NRC inspection. There are no precise criteria as to 
which components and systems are to be labeled “safety-related;" the 
_utility makes the initial determination subject to NRC approval. 

For example, at TMI-2, the PORV was not a "safety-related" item 


x because it had a block valve behind it. ‘On the other hand, the ‘y 
- block valve was not Seateey Ses ered:. because it had a PORV in front 


of it. 


- 
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: - €. NRC's reliance upon artificial categories of 
“safety-related” items has caused it to miss important safety issues 
and has led the nuclear industry to merely comply with NRC 
regulations and to equate that compliance with operational safety. 
Thus, over-emphasis by the NRC process on specifit categories of 
items labeled "safety-related" appears to interfere with the 
development, throughout the nuclear industry, of a comprehensive 
safety consciousness, that is, a dynamic day-to-day process for 
operating safely. , 


d. There is no identifiable office within NRC 
responsibile for systems engineering examination of overall plant 
design and performance, including interactions between major 
systems. 


e. There is no office within NRC that specifically 
examines the interface between machines and human beings. There 
seems to be a persistent assumption that plant safety is assured by 
engineered equipment, and a concommitant neglect of the human beings 
who could defeat it if they do not have adequate training, operating 
Procedures, information about plant conditions, and manageable 
monitors and controls. For example, despite recognition within NRC 
and various industrial groups that outdated technology in the 

_ control room could seriously handicap operators during an accident, 
MRC continues to license new plants with similarly deficient control 
rooms. As noted before, problems with the control room contributed 
to the confusion during the TMI accident. (See also finding A.8.) 


- f. The requirerent of additional instrumentation to aid 
in accident diagnosis and control was considered by WRC as early as 
1975, but its implementation was delayed by industry opposition as 
expressed by the Atomic Industrial Forum (AIF). AIF opposition was 
based on, among other things, the belief that the instrumentation. 
required would cover "Class 9" accidents, and therefore, would 
extend beyond design-basis requirements. The lack of 
instrumentation to display in the control room the full range of 
temperatures from the core thermocouples contributed to the 
fonfusion involved in the attempt to rapidly depressurize the 
primary system on March 28. 


- §- It is common to issue operating licenses to plants 
when there are still "open safety items." When a plant is licensed 
with many open items, the Division of Operating Reactors, which has 
the technical expertise to supervise operating plants, may refuse to 
accept jurisdiction from the Divisiom of Project Management. In 
effect, the plant then ends up in a regulatory "limbo," receiving 
insufficient attention from either division. TMI-2 was in this 
"limbo" at the time of the accident, 13 months after its OL had been 
issued. ; ae 


. h. When NRC issues new guidelines concerning safety, 
there is usually no systematic review, on a plant-by-plant basis, of 
Operating plants and plants under construction for possible 
“backfitting." For example, Chairman Hendrie explained to a 
Congressional committee that stricter requirements for on- and 
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off-site emergency plans had not been imposed on any already 
‘operating plants because of the need to balance costs against 
sdfety. The committee, however, found no significant cost burden in 
requiring utilities to upgrade and implement emergency plans. 
Similarly, NRC determined not to backfit the 1975 Standard Review 
Plan (SRP) to those plants, such as TMI+2, that received 
construction permits prior to September 1, 1975. According to Roger 
Mattson, director of thé Division of Systems Safety, if individual 
SRP requirements had been reviewed for possible backfitting, the SRP 
requirement of diverse containment isolation actuation would 
probably have been backfitted to plants such as TMI-2. Instead, 
THI-2 containment was isolated only when the pressure in the 
building exceeded 4 pounds per, square inch. Thus, containment 
isolation did not occur until several hours after the start of the 
accident. However, this delay had little effect on the actual small 
releases of radioactive material during the accident. 


i. Although decisions of Significant public health 
impact are considered in the licensing process, NRC has no specific 
mechanisa for interactions with public health agencies in the 
licensing process, other than the U.S. Environmental Protection 
Agency (EPA) which does review Environmental Impact Statements filed 
by applicants for CPs and OLs. 


_ 9. The Office of Inspection and Enforcement (I&£) is charged 
with determining whether licensees are complying with NRC 
regulations, rules, and licensing conditions. Some serious 
deficiences in this office are: 

a. A 1978 General Accounting Office repert found that 
I&E inspectors did little independent testing of construction work, 
‘relied heavily om the utility's self-evaluation, spent little time 
observing ongoing construction work, and did not communicate 
routinely with pecple who did the actual construction work. Similar 
problems exist im ISE inspections of operating plants. For example, 
the principal I& inspector for TMI-2 completed an inspection 
Shortly before the accident by examining utility records and 
interviewing plamt personnel, but without physically examining any 
equiprent. 


b. A 1978 survey of ISE commissioned by the NRC 
@etermined that the majority of inspectors felt their procedures 
Were unclear and lacking in sufficient technical guidance. 


. c. Of crucial significance to ISE's system of inspection 
and enforcement are the Licensee Event: Reports (LER) in which utili- 
ties report and evaluate important incidents. However, both 
licensees and vendors often have a Strong financial disincentive to 
evaluate and report safety problems that may result in more 
Stringent regulations, at least in part because it is uncertain 
which entity will ultimately bear the cost of increased safety. IS&E 
wakes little effort to Systematically review the LERs, has no formal 
review mechanism for them, and hence, must rely.on individuals to 
remember events and to identify generic concerns. 
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d. I&SE inspectors at various times have had difficulties 
having safety issues that they have raised seriously considered 
within the office.. For example, in 1978 one I&E inspector raised 
the issue of operator termination of HPI during the September 1977 
incident at Davis~-Besse. For some 5 months, none of his efforts 
produced any action. ‘He then took advantage of the "open-door 
policy" of NRC and went directly to two of the commissioners. These 
commissioners considered his complaint serious enough to merit 
further exploration. Unfortunately, this meeting with the 
commissioners did not take place until one week before the TMI-2 
accident. - 


@. Early this year, the General Accounting Office con- 
cluded that NRC had not made effective use of its authority to 
assess monetary penalties for significant violations. The report 
cited cases where I&E consolidated continuing violations into one 
violation, took too long to impose penalties, -and sometimes reduced 
the penalties to avoid financial hardship for the licensee. © 


f. In its investigative report on the TMI-2 accident 
(NUREG 0600), I&E came to the unequivocal conclusion that if the 
operators had followed their procedures for loss-of-coolant 
accidents, there would have been no accident. However, for more 
than 2 hours on March 28, the operators at THI did not recognize 
that they had a loss-of-coolant accident and did not consider the 
LOCA procedure relevant. In any event, the TMI-2 procedures were 
inconsistent and misleading in this regard. 


10. There is an sbawnce throughout the NRC of any overall 
system to measure and improve the quality of safety regulations. 
There are inadequate management and intexnal quality assurance 
systems, an inadequate research program, and the absence of any 
systematic effort to obtain and use the public health-related. 
‘research of such federal egenczes as HEW and EPA. 


ps The information and direction issued by NRC to licensees 
based on operating experience was, at times, fragmented ard 
misleading. For example: : 


a. An NRC publication describing the September 1977 
Davis~-Besse incident made no mention of the fact that operators 
interrupted HPI. The incident appeared under the heading of "valve 
malfunction” not "operator error." 


b. In the weeks following the accident, NRC apparently 
was confused as to what emergency procedures plant operators should 
follow. Thus, within a short span of time, NRC issued and then 
either modified or contradicted its post-TMI emergency instructions. 


(i) Immediately after the TMI accident, NRC 
directed operators not to override automatic 
engineered safety features under any circumstances 
and to operate high pressure injection without 
tegard for reactor vessel pressure/temperature 
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limits. NRC modified this directive within a 
short time. : 


(ii) On April 5, NRC required all licensees 
operating B&W-designed reactors to revise their 
procedures so that in the event of HPI initiation 
with reactor coolant pumps (RCP) operating, at 

: least two RCPs would remain operating. On 

July 26, NRC took the opposite position and 
directed licensees to shut down its pumps when HPI 
initiated. I&E, in its August 1979 report on the 
TMI accident, stated that the failure of the THI 
operators to shut down the RCPs sooner than they 
did was a potential item of noncompliance. 


12. With its present organization, staff, and attitudes, the 
NRC is unable to fullfill its- responsibility for providing an 
acceptable level of safety for nuclear power plants. 


— 
————_ 
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H. THE PUBLIC'S RIGHT TO PUBLIC INFORMATION 


1. The quality of information provided to the public in the 
event of a nuclear plant aceident has a significant ‘bearing on the 
capacity of people to respond to the accident, on their mental 
health, and on their willingness to accept guidance from responsible 
public officials. 


2. Before the accident, Met Ed had consistently asserted the 
overall safety of the plant, although the company had made 
information concerning difficulties at TMI~2 public in weekly press 
releases. This information was not pursued, and often not 
understood, by the local aews media in the area; and the local news 
media generally failed to publish or broadcast investigative : stories 


3. Neither Met Ed nor the NRC had specific plans for 


' providing accident information to the public and the news media. 


; 4. During the accident, official sources of information vere 
often confused or ignorant of the facts. News media coverage often 
reflected this confusion and ignorance. 


5. Met Ed's handling of information during the first 3 days 


- of the accident resulted in loss of its credibility as an 


information source with state and local officials, as well as with 
the news media. Part of the problem was that the utility was slow 


‘to confirm "pessimistic" news about the accident. 


6. In accordance with an inforusl-agreenent worked out 
between Governor Thornburgh and the White House, the release of 
information was ‘centralized beginning on the third day of the 
accident. Under the agreement, Harold Denton of the nxC would issue 
all statements from the site on plant status; the Governor's office 
would be the sole source of comment on protective action and 
evacuation; and the White House would coordinate comment on the 
federal emergency relief effort. This agreement limited the number 
of sources available to the news media and while it brought some 
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order out of the chaos in public information, it raised two 

problems. First, information on off-site radiation releases was not 
centralized in any source so that it would be readily available to 5 
the news media and the public; and second, the plan provided no 

specific public information role for the utility. 


7. During the first days of the accident, B&W made a 
conscious decision not to comment on the accident, even when company 
officials. believed that misinformation was Deane made available to 
the public by others. 


8. The reporters who covered the accident had widely 
divergent skills and backgrounds. Many had no scientific 
background. Because too few technical briefers were supplied by NRC 
and the utility, and because many reporters were unfamiliar with the 
technology and tke limits of scientific knowledge, they had 
difficulty understanding fully the information that ‘was given ta 


. them. In turn, the news media had difficulty presenting this 


information to the public in a fora that “would be understandable. 


a. This difficulty was particularly acute in the 
reporting of information on radiation releases. 


b. They also experienced difficulty interpreting 
language expressing the probability of such events as a meltdown or 
a hydrogen explosion; this was made even more difficult when the 
sources of information were themselves uncertain about the 
probabilities. } 


9. The impression exists that in news coverage of the 
accident, the news media presented a more alarming than reassuring 
view of events. Without attempting to assess how alarming the 7 
accident may in fact have been, an analysis of the sources quoted in 
the news media reveals, overall, a larger proportion of reassuring 
than alarming statements in the coverage concerning the status of 
the accident. In choosing quotations from both official and, 
unofficial sources, the news media did not present only “alarming: 
views, but rather Views on both sides of issues related to the 
accident. 

10. A qualitative survey of 42 newspapers from around the 
country showed that the vast majority covered the accident in much 
the same way as the major suppliers of news, such as the wire 
services, the broadcast networks, The New York Times, and The 
Washington Post. A few newspapers, however, did present a “more 
frightening and misleading impression of the accident. This 
impression was created through headlines and graphics, and in the 
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A. TEE NUCLEAR REGULATORY COMMISSION 


The Commission found a number of inadequacies in the NRC and, 
therefore, proposes a restructuriag of the agency. Because there is 
insufficient direction in the present statute, the President and 
Congress should consider pen ip many of the following measures in 
Statutory form. : 


Agency Organization and Management 

The Commission believes that as presently constituted, the NRC does 
not possess the organizational and management capabilities necessary for 
the effective pursuit of safety goals. The Commission recommends: 


1. The Nuclear Regulatory Commission should be restructured as a 


“mew independent agency in the executive branch. 


a. The present five-member commission should be abolished. 


b. The new agency should be headed by a single administrator 


appointed by the President, subject to the advice and consent of the 


Senate, to serve a substantial term (not coterminous with that of the 
President) in order to provide an expectation of continuity, but at the 
pleasure of the President to allow removal when the President deems it 
necessary. The administrator should be a person from outside the 


present agency. 


ce. The administrator should have substantial discretionary 
authority over the internal organization and management of the new 
agency, and over personnel transfers from the existing NRC. Unlike the 
present NRC arrangement, the administrator and major staff components 
should be located in the same building or group of buildirss. 


d. A major role of the administrator should be assuring that 
offices within the agency communicate sufficiently so that research, 
operating experience, and ‘inspection and enforcement affect the overall 
BSerenpenes of the agency. 


. 
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- 2. An oversight committee on nuclear reactor safety should be 
established. Its purpose would be to examine, on a continuing basis, 5 
the performance of the agency and of the nuclear industry in addressing 
and resolving important public safety issues associated with the 
comstruction and operation of nuclear power plants, and in exploring the 
overall risks of nuclear. power. 

e ee 
a. The members of the committee, not to exceed 15 ia number, 
should be appointed by the President and should include: persons 
conversant with public health, environmental protection, emergency 
planning, energy technology and policy, nuclear power generation, and 
nuclear safety; one or more state governors; and members of the general 
public. 


ae ete ses ~~ are ees nara we oa, 


b. The comnittee, assisted by its own staff, should report 


_to ‘the President and to Congress at least annually. - 


3. The Advisory Committee on Reactor Safeguards (ACRS) should be 
retained, in a strengthened role, to continue providing an independent 
technical check on safety matters. The members of the committee should 
continue to be part-tine appointees; the Commission believes that the 
independence and high quality of the members might be compromised by 
making then full-time federal employees. The Commission recommends the 
following changes:.- 


: ‘a. The staff of ACRS should be strengthened to provide 
increased capacity for independent ‘analysis. Specie] consideration 
should be given to improving ACRS' capabilities in the field of public 
health. 
=" = b. The ACRS should not be required to review each license 
application. then ACRS chooses to review a license application, it | 
should have the statutory right to intervene in hearings as a party. In - 
particular, ACRS should be authorized to raise any safety issue in 
licensing proceedings, to give reasons and arguments for its views, and 
to require formal response by the agency to any submission it makes. 

Any member of ACRS should be authorized to appear and testify in 
hearings, but should be exempt from subpoena in any proceedings in which 
he has not previously appeared voluntarily or made an individual written 
submission. : es ; 


Ae .¢.  ACRS should have similar rights in rulemaking 
proceedings. In particular, it should ‘have the power to initiate a 
tulemaking proceeding before the agency to resolve any generic safety 
issue it identifies. ‘ . . 


The Agency's Substantive Mandate 


The new agency's primary statutory mission and first operating 
priority must be the assurance of safety in the generation of nuclear 
power, including safeguards of nuclear materials from theft, diversion, 


‘er loss. Accordingly, the Commission recommends the following: ) 


_ ae 
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4, Included in the agency's general substantive charge should be 
the requirement to establish and explain safety-cost trade-offs; where 
_ additional safety improvements are not clearly outweighed by cost 
considerations, there should be a presumption in favor of the safety 
change. Transfers of statutory jurisdiction from the NRC should be 
preceded by a review to identify and remove any unnecessary 
responsibilities that are not germane to safety. There should also be 
emphasis on the relationship of the new agency's safety activities to 


related activities of other agencies. (See recommendations E.2 and 
F.1.b.) 


a. The agency should be directed to upgrade its operator and 
supervisor licensing functions. These should include the accreditation 
of training institutions from which candidates for a license must 
graduate. Such institutions should-be required to employ qualified 
instructors, to perform emergency and simulator training, and to include 
instruction in basic principles of reactor science, reactor safety, and 
the hazards of radiation. The agency should also set criteria for 
operator qualifications and background investigations, and strictly test 
license candidates for the particular power plant they will operate. 

The agency should periodically review and reaccredit all training 
progrems and relicense individuals on the basis of cprrent information 
on experience in reactor operations. (See recommendations C.1 and C.2.) 


b. The agency should be directed to employ a broader 
definition of matters relating to safety that considers thoroughly the 
full range of safety matters, including, but not limited to, those now 
identified 2s "safety-related" items, which currently receive special 
attention. - 


¢. Other safety emphases should include: 


(i) a systems engineering examination of overall plant 
design and performance, including interaction among major 
systems and increased attention to the possibility of . 
multiple failures; = 


(ii) review and approval of control room design; the 
agency should consider the need, for additional 
instrumentation and for changes in overall design to aid 
understanding of plant status, particularly for response 
“to emergencies; (see recommendation D.1) and ae 


(iii) an increased safety research capacity with a 

broadly defined scope that includes issues relevant to 

public health. It is particularly necessary to 

Coordinate research with the regulatory process in an 

effort to assure the maximum application of scientific . oo 
- : knowledge in the nuclear power industry. : » 


5. Responsibility and accountability for safe power plant 
operations, including the management of a plant during an accident, 
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particular plant should receive a license. Both kinds of safety issues 
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should be placed on the licensee in all circumstances. It is therefore 
necessary to assure that licensees are competent to discharge this 
responsibility. To assure this competency, and in light of our +) 
findings regarding Metropolitan Edison, we recommend that the agency 
establish and enforce higher organizational’ and management standards for 
licensees. Particular attention should be given to-such matters as the 
following: integration of decision-making in any organization licensed 
to construct or operate a plant; kinds of expertise that must be within 
the organization; financial capability; quality assurance programs; 
operator and supervisor practices and their periodic reevaluation; plant 
surveillance and maintenance practices; and requirements for the 
analysis and reporting of unusual events. 

6. In order to provide an added contribution to safety, the 
agency should be required, to the maximum extent feasible, to locate new 
power plants in areas remote from concentrations of population. Siting 


determinations should be based on technical assessments of various 


classes of accidents that can take place, including those involving : 
releases of low doses of radiation. (See recommendation F.2.) 


7. The agency should be directed to include, as part of its 
licensing requirements, plans for the mitigation of the consequences of 
accidents, including the cleanup and recovery of the contaminated plant. 
The agency should be directed to review existing licenses and to set ° 
deadlines for accomplishing any necessary modifications. (See 
recommendations D.2 and D.4.) : 


8. Because safety measures to afford better protection for the ) 
affected population czn be drawn from the high standards for plant 
safety recomiended in this report, the NRC or its successor should, on a 
case-by-case basis, before issuing a new construction permit or 
operating license: 2 _ ae 
. @. assess the need to introduce new safety improvements 
recomended in this report, and in NRC and industry studies; 


bd. review, considering the recommendations set forth in this 
report, the competency of the prospective operating liccnsee to manage 
the plant and the adequacy of its cei program for operating 
personnel; and : ae 

c. condition licensing upon review aad approval of the state 
and local emergency plans. 


Agency Pencaduies 3 


The Commission believes that the agency must improve on prior 
performance in resolving generic and specific safety issues. Generic 
safety issucs are considered in rulemaking proceedings that formulate 
mew standards for categories of plants. Specific safety issues are 
considered in adjudicative proceedings that determine whether a 


« 
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license applications and for appeal to a board whose decisions would not 
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are then dealt with in inspection and enforcement processes. The 


Commission believes that all of these agency functions need improvement, 


and accordingly recommends the following measures: 


‘9. The agency's authorization to make general rules affecting 
safety should: . 


a. require the development of a public agenda according to 
which rules will be formulated; : 


b. require the agency to set deadlines for resolving generic 
safety issues; 


Cc. require a periodic and systematic reevaluation of the 
agency's existing rules; and 


d.. define rulemaking procedures designed to create a process 
that provides a meaningful opportunity for participation by interested 
persons, that ensures careful consideration aud explanation of rmles 
adopted by the agency, and that includes appropriate provision fer the 
applicetion of new rules to existing plants. In particular, the agency 
should: accompany newly proposed rules with an analysis of the issues 
they raise and provide an indication of the technical materials that are 
relevant; provide a sufficient opportunity for interested persons to 
evaluate and rebut materials relied on by the agency or submitted by 
others; explain its final rules fully, including responses to principal 
comments by the public, the ACRS, and other agencies on proposed rules; 
impose when necessary special interim.safeguards for operating plants 
affected by generic safety rulemaking; and conduct systematic reviews of 
operating plants to zssess the need for retroactive application of new 


10. Licensing procedures should foster early and meaningful 
resolution of safety issues before major financial commitments in ie 
construction can occur. In order to ensure that safety receives primary 
emphasis in licensing, and to eliminate repetitive consideration of sone 
issucs in that process, the Commission recommends the following: ia, 


ee | 


: @.  Duplicstive consideration of issues in several stages of 
one plant's licensing should, wherever possible, be reduced by 

allocating particular issues (such as the need for power) to a single 
stage of the proceedings. Oo OClee8 5 


—.- 


- "b. Issues that recur in many licensings should be resolved - 
by rulemaking. a oe g. 3 


ce. The agency should be authorized to conduct a combined 


Construction permit and operating license hearing whenever plans can be 


made sufficiently complete at the construction permit stage. ; 


d. There should be provision for the initial adjudication of 
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.- be subject to further appeal to the administrator. Both initial . 
adjudicators and appeal boards should have a clear mandate to pursue any 
7 . Safety issue, whether or not it is raised by a party. 


Sa" 


e. An Office of. Hearing Counsel should be established in the 
agency. This office would not engage in the informal negotiations 
between other staff and applicants that typically precede formal 
hearings on construction permits. Instead, it would participate in the 
formal hearings as an objective party, seeking to assure that vital 
safety issues are addressed and resolved. The office should report 
directly to the administrator and should be empowered to appeal any 

. adverse licensing board determination to the appecl board. 


£. Any specific safety issue left open in licensing 
proceedings should be resolved by a deadline. 


ll. The agency's inspection znd enforcement functions must receive 
increased emphasis and improved management, including the following 
elements: 


"a. There should be an improved program for the systematic 
safety evaluation of currently operating plants, in order to assess 
_ compliance with current requirements, to assess the need to make new 
-. requirements retroactive to older plants, and to identify new safety 
' - issues. 


b. There should be a program for the systematic assessment 
_ of experience in operating reactors, with special emphasis on 
. discovering patterns in abnormal occurrences. An overall quality 
.. assurance measurement and reporting system based on this systematic 
- -assessment shall be developed to provide: 1) a measure of the overall 
- improvement or decline in safety, and 2) a base for specific programs 
aimed at curing deficiencies and improving safety. Licensees must 
---receive clear instructions oa reporting requirements and clear 
. GComaunications summarizing. the lessons of experience at other reactors. 


ts: . €. The agency should be authorized and directed to assess 
substantial penalties for licensee failure to report new 
"safety-related" information or for violations of rules defining 

4 =f e anh ies or conditions already known to be unsafe. 


ad. The agency should be directed to require its enforcement 
personnel to perform improved inspection and auditing of licensee com- 
pliance with regulations and to conduct malek and unannounced on-site 
inspections of particular plants. 


e. Each operating licensee should be subject periodically to 
_ intensive and open review of its performance according to the 
requirements of its license and applicable regulations. 


’ 
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£. The agency should be directed to adopt criteria for 
_ revocation of licenses, sanctions short of revocation such as ‘ 
probationary status, and kinds of safety violations ESApEEIEE immediate 
plant shutdown or other operational Sere eueeds. 
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B. . THE UTILITY AND ITS SUPPLIERS 


1. To the extent that the industrial {nstdtutions we have 
examined are representative of the nuclear industry, the nuclear 
industry must dramatically change its attitudes toward safety and 
regulations. The Commission has recommended that the new tegulatory 
ageucy prescribe strict standards. At the same time, the Commission 
recognizes that merely meeting the requirements of a goverument 
regulation does not guarantee safety. Therefore, the industry must alse 
Set and police its own standards of excellence to ensure the affective 


management and safe operation of nuclear power plants. 


a. The industry should establish a program that specifies 
appropriate safety standards including those for Madagement, quality 
assurance, and operating procedures end practices, and that conducts 
independent evaluations. The recently created Institute of Nuclear 
Power Operations, or some similar organization, may be an appropriate 
vehicle for establishing and implementing this program. 


b. There must be a systenstic gathering, review, and 
analysis of-operating experience at all nuclear power plants coupled 
with an industry-wide international communications network to facilitate 
the speedy flow of this information to affected Parties. If such 


@xperiences indicate the need for modifications in design or operation, 


such chenges should be implemented according to realistic deadlines. 


2. Although the Commission considers the responsibility for 


safety to be with the total organization of the plant, we recommend that 


each nuclear power plant company have a Separate safety grotip that 
reports to high-level management. Its assignment would be to evaluate 
regularly procedures and general plant operations from a safety 
perspective; to assess quality assurance programs; and to develop 
continuing safety programs. 


3. Integration of management responsibility at all levels must be- 


achieved consistently throughout this industry. Although there may not 
be a single optimal management structure for alclear power plant 
Operation, there must be a single accountable organization with the 
requisite expertise to take responsibility. fot the integrated management 
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“of the design, construction, Operation, and emergency response 
functions, and the organizational entities that carry them out. Without 
e such demonstrated competence, a power plant operating company should oot 
qualify to receive an operating license. ‘ 
_ a. These goals may be obtained at the design stage by 
1) contracting for a "turn-key" plant in which the vendor or 
architect-engineer contracts to supply a fully operational plant and 
supervises all planning, construction, and modification; or 2) assembling 
expertise capable of integrating the design process. In cither case, it 
is critical that the knowledge and expertise gained during design and 
construction of the plant be effectively transferred to those 
respousible for operating the plant. 


b. Clearly defined roles and responsibilities for operating 
procedures and practices must be established to ensure accountability 
and sqooth communication. ~ 


! 

c. Since, under our recommendeticns, accountability for 
operations during an emergency vould rest on the licensee, the licensee 
must prepare clear procedures defining management roles and respons= 
ibilities in the event of a crisis. 


4. It is irportent to attract highly qualified candidates for the 
positions of senior operator and operator supervisor. Pay scales should 
be high enoush to attract such candidates. 


e 5. Substantially more attention and care must be devoted to the 
writing, reviewing, and monitoring of plant procedures. 


a. The wording of procedures must be clear and concise. 


b. The content of procedures must reflect both engineering 
_ thinking and cperating practicalities. 

c. The format of procedures, particularly those that deal 
with abnormal conditions and emergencies, must be especially clear, 
including clear diagnostic instructions for identifying the particular 
abnormal conditions confronting the operators. 

é ~ - @. Mamagement of both utilities and suppliers must insist on 
the early diagaosis and resolution of safety questions that arise in, 
plant operations. They must also establish deadlines, impose sanctions © 
for the failure to observe such deadlines, and make certain that the 
results of the diagnoses and any proposed procedural changes based on 
them are disseminated to those who need to mow them. 


6. Utility rate-making agencies should recognize that 
implementation of new safety measures can be inhibited by delay or 
failure to include the costs of such measures in the utility rate base. 
The Commission, therefore, recommends that state rate-making agencies 
give explicit attention to the safety implications of rate-making when 

Yd] they consider costs based on "safety-related" changes. 
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2... TRAINING OF OPERATING PERSONNEL 


1. The Commission recommends the astablishment of 
agency-accredited training institutions for operators and immediate 
+: .Supervisors of operators. These institutions should have highly 
it qualified instructors, who will maintain high standards, stress 
understanding of the fundamentzls of nuclear power plants and the 
possible health effects of nuclear power, and who will train operators 
<--:t6 respond to emergencies. (See recommendation A.4.a.) “ 


See | .@ These imstitutions could be national, regional, or 
specific to individual nuclear steam systens. : 
er b. Reactor operators should be required to graduate from an 
- «accredited training institution. Exemption should be made only in cases 
where there is clear, documentary evidence that the candidate already 
has the eqwivalent training. : 
c. The training institutions should be subject to periodic 
weview. and reacereditation by the restructured NRC. ae 


d.. Candidates for the training institute must meet entrance 


-toicrequirements geared to the curriculun. 


2. Individual wtilities should be responsible for training 
“.~.@perators who are graduates of accredited institutions in the specifics 


i°2.o£f operating a particular plant. ese operators should be examined and 
2ai=unLicensed by the restrectured NRC, both at. their initial licensing and at 
‘the relicemsing stage. In order to be licensed, operators must pass : 


every portion of the examination. Supervisors of operators, at as. 
‘=< Minimum, should have the same training as operators. 
: 3. Training should not end when epezators are given their 
"- licenses. : 
y a. Comprehensive ongoing training must be given on a regular 
basis to maintain operators’ level of knowledge. 


ae, b. Such training must be continuously integrated with yp 
: Operating experience. . = 
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-€. Emphasis must be placed on diagnosing and controlling 
complex transients and on the fundameatal understanding of reactor 
safety. - ; 


d. Each'utility should have ready. access to'a control room 
simulator. Operators and supervisors should be required to train 
regularly on the simulator. The holding of operator licenses should be 
contingent on performance on the simulator. 


4. Research and development should be carried out on improving 
simulation and simulation systems: a) to establish and sustain a higher ‘ 
level of realism in the training of operators, including dealing with 
transients; and b) to improve the diagnostics and general knowledge of 
nuclear power plant-systens. 
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D.- . TECHNICAL ASSESSME? : : 


1. ° Equipment should be reviewed from the point of view of 
providing information to operators to help them prevont accidents and to 
cope with accidents when they occur. Included might be instruments that 
Can provide proper warning and diagnostic™information; for example, the 
measurement of the full range of temperatures within the reactor vessel 
under normal and abnormal conditions, and indication of the actual 
position of valves. Computer technology should be used for the clear 
display for operators and shift supervisors of key measurements relevant 
to accident conditions, together with diagnostic warnings of conditions. 


In the interin, consideration should be given, to requiring, at THI 
and sinilar plants, the grouping of these key measurements, including ) 
distinct warning signals on a single panel available to a specified 
operator and the providing of a duplicate panel of these key 
measurenents and warnings in the shift supervisor's office. 


2. Equipment design and maintenance inadequacies noted at Tift 
should be reviewed from the point of view of mitigating the consequences 
of accidents. Inadequacies noted in the following should be corrected: 
iodine filters, the hydrogen recombiner, the vent gas systen, 
containment isolation, reading of water levels in the containment 
isolation, reading of water levels in the containment area, radiation 
monitoring in the containnent building, and the capability to take and 
quickly analyze samples of containment atmosphere and water in various 
places. (See recommendation A.7.) 

3. Monitoring instruments and recording equipment should be 
provided to record continuously all cg Plant measurements and 
conditions. 

4. The Commission recommends that continuing in-depth studies 
should be initiated on the probabilities and consequences (on-site and 
off-site) of nuclear power flant accidents, including the consequences 
. o£ meltdown. r 

: a. These studies should include a variety of small-break 
loss-of-coolant accidents and multiple-failure accidents, with ) 
particular attention to human failures. 
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COMMISSION RECOMMENDATIONS ; 
- b. Results of these studies should be used to help plan for 
recovery and cleanup following a major accident. 
c. From these ‘studies may emerge desirable modifications in 
the design of plants that will help prevent accidents and mitigate their 
consequences. For example: 


(i) Consideration should be given to equipment that 
would facilitate the controlled safe venting of hydrogen 
gas from the reactor cooling system. 


_ (4i) Consideration should be given to overall gas-tight 
< enclosure of the let-down/make-up system with the option 
’ of returning gases to the containment building. 


7". ad. Such studies should be conducted by the industry and 
other qualified organizations and may be sponsored by the restructured 
NRC end other federal agencies. £u 

' 

5. A study should be made of the chemical behavior and the 
extensive retention of radioactive iodins in water, which resulted in 
the very low release of radioiodine to the atmosphere in the TMI-2 
accident. This information should be taken into account in the studies 
of the cousequences of other small-break accidents. ; 


6. Since there are still health hazards associated with the 
cleanup and disposal process, which is being. carried out for the first 
time in a commercial nuclear power plant, the Comission recomnends 
close monitoring of the cleanup process at TriI and of the transportation 
and disposal of the lerge amount of radioactive material. As much data 
as possible should be preserved and recorded about the conditions within 
the containment building so that these may be used for future safety 
analyses. : , 


7.° The Commission. recommends that as a part of the formal safety 
assurance program, every eccident or every new abnormal event be 
carefully screened, and where appropriate be rigorously investigated, to 
assess its implications for the existing system design, computer models 
of the system, equiprent design and quality, operations, operator 
training, operator training simulators, plant procedures, safety 
systems, emergency measures, management, and regulatory requirements. 
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E. | WORKER AND PUBLIC .REALTH AND SAFETY 


1. The Connission recommends the establishment of éxpénded and 
Here better coordinated health-related radiation effects research. This 
: ‘research should include, but not be limited to: 


a. biological effects of low levels of idnizing radiation; 


b. acceptable levels of exposure to ioaizing radiation for 
the general population and for workers; 

c. development of methods of monitoring ahd Surveillance, 
including epidemiologic surveillance to monitor and determine the 
ehcp consequences of exposure to radiation of various population groups, 
i including workers; ) 


(Ge d. development of approaches to mitigate advértsé health 

effects of exposure to ionizing radiation; and gs ov Son 

('@. genetic or environmental factors that predispose 

individuals to increased susceptibility to adverse effects: 
. This effort should be coordinated under the National Institices of 
Health -- with an interagency committee of relevant federal agencies to 
establish the agenda for research efforts -- includiig the comitment of 
@ portion of the research budget to meet the specific naeds of the 
restructured NRC. = 
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2. ‘To ensure the best available review of radiation-related 
health issues, including reactor siting issves, policy Statements or 
regulations in that area of the restructured- NRC should be subject to 
wandatory review and coment by the Secretary of the Department of 
Health and Human Services. A time limit for the review should be 


established to assure such review is performed in ait éxpeditious manner. 


3. The Commission recomnends, as a state and lotal 

" xesponsibility, an increased program for educating health professionals 
and emergency response personnel in the vicinity of nuclear power 
plants. . cs a) 
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4. Utilities must make sufficient advance preparation for the 
mitigation of emergencies: : 


a. Radiation monitors should be available for monitoring of 
routine operations as well as accident levels. : 

b. The emergency control center for health-physics 
operations and the analytical laboratory to be used in emergencies 
should be located in a well-shielded area supplied with uncontaminated 
air. : 


c. There must be a sufficient health-related supply of 
instruments, respirators, and other necessary equipment for both ‘routine 
and emergency conditions. : 


d. There should be an adequzte maintenance program for all 

such health-related equipment. 
5. An adequate supply of the radiation protective (thyroid 

blocking) agent, potassium iodide for huran use, should be available 
regionally for distribution to the general population and vorkers 

affected by a radiological emergency. 
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: F.° EMERGENCY PLANNING AND RESPONSE 


1. Emergency plans must detail Vlearly and consistertly the 
actions public officials and utilitics should take in the event of 
... off-site radiation doses resulting from release of radioactivity. 
; Therefore, the Commission recomnuends thatr 


a. Before a utility is granted au operating license for a 
new wuclear power plant, the state withia which that plant is to be 
sited must have an emergency response plan reviewed aud approved by the 
Federal Emergency Management Agency (FEMA). The agency should assess 
the criteria and procedures now used for evaluating state and local. 
government plans and for determining their ability to activate the 
plaas. FEMA must assure 2dequate provision, where necessary, for 
mulii-state planning. 


b. The responsibility at the federal level for radiological 
emergency planning, including plauning for coping with radiological 
releases, should rest with FEMA. In this process, FEMA should consult 
with other sgencies, including the restructured NRC and the appropriate 
hezlth md envircnmental agencies. (See recommendation A.4.) 


pee ae ce. The state must effectively coordinate its planning with 
the utility and with local officials in the area where the plant*is to 
be located. = 


ae | d. States with plants already operating must upgrade their 
. pars to the requirements to be set by FEMA. Strict deadlines must be 
esittablished to accomplish this goal. 


2. Plans for protecting the public im the event of off-site 
radiation releases should be based on technical assessment of various 
classes of accidents that can take place at a given plant. 


a. No single plan based on a fixed set of distances and a 
fixed set of responses can be adequate. Planning should involve the 
. identification of several different kinds of accidents with different. 
possible radiation consequences. For each such scenario, there should 
be clearly identified criteria for the appropriate responses at various 
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distances, including instructing individuals to stay indoors for a 
period of time, providing special medication, or ordering an evacuation. 


b. Similarly, response plans should be keyed.to various 
possible scenarios and activated when the nature and potential hazard of 
a given accident bas been identified. 


c. Plans should exist for protecting the public at radiation 
levels lower than those currently used in NRC-prescribed plans. 


d@: All local communities should have funds and technical 
support adequate for preparing the kinds of plans described above. 


3. Research should be expanded on medical means of protecting the 
public 2gainst various levels and types of radiation. This research 
should include exploration of appropriate medications that can protect 
‘against or counteract radiation. 

4. If emergency planning and response to a r2diation-related 
emergency is to be effective, the public must be better informed about 
nuclear power. The Conmission recommends a progrzm to educate the 
public on how nuclear power plants operate, on radiation and its health’ 
effects, and om protective actions against radiation. Those who would 
be affected by such emergency planning must have clear information on 
actions they would be required to take in an emergency. 


5. Coumissioa studies suggest that decision-makers nay have 
oVer-estimated tie human costs, in injury and loss of life, in many mass 
evacuation situetiezs. The Cemmission recorncnds study into the hunan 
costs of radiation-related mass evacuation and the extent, if any, to 
which the risks in radiation-related evacuations differ from other types : 
of evecuaticns. Such studies should take into account the effects of 
improving emergency planning, public awareness of such planning, and 
costs involved iin mass evacuations. : 

6. Planz for providing federal technical support, such as 
radiological manitering, should clearly specify the responsibilities of 
the various support agencies and the procedures by which those agencies 
provide assistance. Existing plans for the provision of federal 
assistance, particularly the Interagency Radiological Assistance Plan. 
and the various memoranda of understanding among the agencies, should “be 
reexamined 2nd revised by the appropriate federal authorities in the 
light of the experience of the TMI accident, to provide for better | Loe 
coordination aud more efficient federal support capability. re 
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G. THE PUBLIC'S RIGHT TO INFORMATION 


1. Federal and state agencies, as well as the utility, should 
make adequate preparation for a systematic public information progrzn so 
thet in time of a rediation-related exergency, they cam provide timely 


and accurate information to the news media and the public in a form that 


is understandable. There should be sufficient divisioz of briefing 
respos“ibilitics as well ag availability of inforaed sources te reduce 
confused aod inaccurate information. “The Comaission therefore 
recaozmends: 


a. Since the utility must be responsible for the meuacesicot 
“of the ‘accident, it should also be primarily responsible for providing 
information ou the status of the plant to the news media and to the 
public; but the restructured NRC should also play a supporting role and 
be available to provide background information ord technical briefings. 


b. Since the state government is responsible for decisious 
concerning protective actions, including evacuations, a designated stztc 
agency should be charged with issuing all information on this subject. 
This agency is also charged with the development of and dissemination of 
accurate and timely information on off-site radiation doses resulting 

from releases of radioactivity. This information should be derived from 
“appropriate sources. (See recommendation F.1.) This agency should also 
set up the machinery to keep local officials fully informed of ‘ 
developments and to coordinate briefings to discuss any federal ser 
invelvenent in evacuation matters. 


“7 "3. The provision of accurate and timely information places 


“special responsibilities on the official sources of this information. 

___The effort must meet the needs of the news media for information but 
without compromising the ability of operational personnel to manage the 
-accident. — The Comaission therefore reconmends that: ea 


a. Those who brief the news  gedia must have direct access to 
infoemed sources of information. 


b. Technical liaison people should be designated to inform 
‘tthe briefers and to serve as a resource for the news media. 
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c. The primary official news sources should have plans for 
the prompt establishment of press centers reasonably close to the site. 
These must be properly equipped, have appropriate visual aids znd 
reference materials, and be staffed with individuals who are 
knowledgeable in déaling with the news media. These press centers must 
be operational promptly upon the declaration of a general emergency or 
its equivalent. . 


3. The coverage of nuclear emergencies places special respons- 
ibilities on the news media to provide accurate and timely information. 
The Comzission therefore recommends that: 


a. All major media outlets (sire services, broadcast 
networks, news magazines, and metropoliten daily newspapers) hire and 


“train specialists who have more than a passing familiarity with reactors 


and the language of radiation. All other nows media, regardless of 
their size, located near nuclear power plants, should attecpt to acquire 
similar knowledge or make plans to secure it during an emergency. 


b. Reporters discipline themselves to place complex 
informetion in a context that is understzndable to the public and that 
allows neabers of the public to make decisions regarding their health 
and safety. 


c. Reporters educate themselves to understand the pitfalls 
in interpreting enswers to "what if" questions. Those covering an 
accident should have the ability to understand wncertaintics expressec 
by sources of information and probabilities assigned to various possible 
dangers. 


4. State emergency plans should include provision for creation of 
local broadeast media networks for emcrgencies that will supply timely 
and accurate information. Arrangements-should. be made to make available 
knowledgeable briefers ta go on the air to clear up rumors and explain 
conditions at the plant. Comnunications ‘between state officials, the 
utility, and the network should be prearranged to handle the possibility 
of an evacuation announcement. 


S- The Comsission recormends that the public in the vicinity of a 
nuclear power plant be routinely informed of local radiation 
measurements that depart spprecisbly from normal background radiation, 
whether from normal or abuormal operation of the nuclear power plant, 
from a radioactivity cleanup operation such as that at TMI-2, or from 


other sources. 
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On Wednesday, March 28, 1979, 36 seconds after the hour of 4:00 
a.m., severel water puzns stopoed vorking in the Unit 2 nuclea 
power plant on Three Mile Island, 10 miles southeast of Harrisburg, 
Penusylvenia.1/ Thus bezan the accident ; at Three Mile Island. In 
the minutes, hours, and days that followed, a series of events ~~ 
compounded by equipment failures, ineppropriate precedures, and 
huzan errors and ignorance -=- escalzted into the worst. crisis yet 
experienced by- the nation's nuclear power industry. 


The accident focused national and internation=l sttention en 
the nuclear facility at Three Mile Island and raised it to 2 plac 
of prominence in the minds of hundreds of millions. For the peovle 
living in such comunities és Royalton, Goldsboro, Hiddletosa, 


_ Hummelstown, Hershey, and Harrisburg, the remors, conflicting 


official statements, a lack of kmowledge about radiation releases, 
the continuing possibility of mass evacuation, and the fear that a 
hydrogen bubble trapped inside a nuclear reactor might explode were 
real end imnediate. Later, Theodore Gross, provost of the Capito] 


- Caspus of Pennsylvania State University located in Middletown a few 


miles from THI, would tell the Commission: 


Never before have people been asked to live with such eNOS EULtY 
The THI accideat -- an accident we cannot see or taste or 
suell . . . is an accident that is invisible. I think the 
fact. that it is invisible creates a sense of uncertainty and 


_ fright on the part of people that may well go beyond the 


reality of the accident itself.2/ 


The reality of the accident, ‘the realization that such an 
accident could actually occur, renewed and deepened the national 
debate over nuclear safety and the national ee of using nuclear 
reactors to generate electricity. 
-0-0-0- 
Three Mile Island is home to two nuclear power plants, THI-1 
and TMI-2. Together they have a generating ‘capacity of 1,700 megawatts, 
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Photo at left: Goldsboro, Pennsylvania, March 28, 1979. 
81 


te 


ACCOUNT OF THE ACCIDENT : . 


RTI SORE: A | A EOE CE Ce: 


patter eeanm eee ei nen eee 


Simulated fuel pellets. The-actual pellets are molded uranium 
oxide and are stziked one atop another inside the fuel rods. Each 


pellet is about one inch tall and less than’ a half-inch wide. 
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enough electricity to supply the needs of 300,000 homes. The two 


.plants~are owned jointly by Pennsylvania Electric Company, Jersey © 


Central Power & Light Company, and Metropolitan Edison Company, and 
operated by Met Ed. These three companies are subsidiaries of 
General Public Utilities Corporation, an electric utility holding 
company headquartered in Parsippany, New Jersey .3/ 


Each THI plant is powered by its nuclear reactor. A reactor's 
function in a cormercial power plant is essentially simple -- to 
heat watcr. The hot water, in turn, produces steam, which drives a 
turbine that turas a generator to produce electricity. Nuclear 
reactors cre a product of high technology. In recent years, nuclear 
facilitics of generating capacity much larger than those of earlier 
years -- including TiiI-1 and THI-2 -- have gone into service.4/ 


A nuclear reactor generates heat 2s a result of nuclear fission, 
the splitting apart of en atomic nucleus, most often that of the 
heavy 2tcm urazniun. Each atom has a central”core celled a nucleus. 
The nuclei of atoms typically contain two types of particles tightly 
bound together: protons, which carry &@ positive charge, and neutrons, 
which Lave no charge. When a free neutron strikes the nvcleus of a 
urznius ated, the nuclees splits apart. This splitting -- or fission -- 
pxeduces two emaller radioactive atoms, energy, and free neutrons. 
Most of the cuergy is imaediately converted to heat. The neutrons 
fan strike other uranium nuclei, producing a chain reaction and 
continuing the fissicn process. Not all free neutrons split atomic 
murlei. Some, for example, are captured by atomic nuclei. This is 
importznt., because some elements, such as boron or cadmium, are 
wtrong 2bsorbers of neutrons and are used to control the rate of 
fission, or te shut off a chain reaction almost instantancously.5/ 


Uranium fvels all nuclear reactors used commercially to generate 
electricity im the United States. At THI-2, the reactor core holds 


‘gowe 100 tons cf uranive: The uranium, in the form of uraniun 


exide, is molded into cylindrical pellets, each about an inch tall 
and less them half-en-inch wide. The pellets are stacked one atop 


@pother inside fuel rods. These thin tubes, each about 12 feet 


hong, are czde of Zirezloy-4, a zirconium 2lloy. This alloy skel]l <- 
called the "cladding" -- transfers heat well and allows Most neutrons 


ba ~ 


THI-2's reactor contained 36,816 fucl rods «= 208 in each of 
its 177 fuel assemblies. A fuel assexbly contains not only fuel 
rods, but spzce for cooling water to flow between the reds and tubes 
that may contwin contrel rods or instruments to measure such things 
2s the temperature inside the core. TMI-2's reactor has 52 tubes 
with instruments and 69 with control rods.7/ 4 


Control reds contain materials that are called “poisons” by the 
nuclear industry because they axe. strong absorbers of neutrons and 
shut off chain reactions. The absorbing materials in TMI-2's control 
rods are 80 percent silver, 15 percent indium, and 5 percent cadmium. 
When the control rods are all inserted in the core, fission is 
effectively blocked, as atomic nuclei absorb neutrons so that they 
Cannot split other nuclei. A chain reaction is initiated by withdrawing 
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¢he control rods. By varying the number of and the length to which 
the control rods are withdrawn, operators can control how wuch power 
@ plant produces. The control rods are held up by magnetic clamps. 
In an emergency, the magnetic field is broken and the control rods, 


This is called a “seran." 


The nucleer reactors used in commercial power plants possess 
several important safety features. They are designed so that it is 
impossible for thea to explode like an atomic bomb. The primary 
danger from nuclear power stations is the potential for the release 
of radioactive caterials producc:! in the reactor core as the result 
of, fission. These materials arc sormally contained within the fuel 
rods. 
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‘Fesponding to gravity, drop immediately into the core to halt fission. 


84 


” 


ACCOUNT OF THE ACCIDENT 

Damage to the fuel rods. can release radioactive material into 
the reactor's cooling water and this radioactive material might be 
released to the environment if the other barriers == the reactor 
coolant system and containment building barriers == are also breached.8/ 


A nuclear plant has three basic safety barriers, each designed 
to prevent the release of radiation. The first line of protection 
is the fuel rods themselves, which trap and hold radioactive materials 
produced in the uranium fuel pellets. The second barrier consists 
of the reactor vessel and the closed reactor coolant system loop. 
The TMI-2 reactor vessel, which holds the reactor core acd its 
control rods, is a 40-foot high steel tank with walls 8-4 inches 
thick. This tank, in turn, is surrotuded by two, separated concrete- 
and-steel shields, with a total thiclmess of up to 9-), feet, which 
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_ absorb radiation and neutrons emitted from the reactor core. 
Finally, all this is set inside the containment building, a 193-foot a 
@ ~ high, reinforced-concrete structure with walls 4 feet thick.9/ : 


To supply the steam that runs the turbine, both plants at THI 
rely on a type of steam supply system called 2 pressurized water 
reactor. This simply means that the water heated by the reactor is 
kept under high pressure, normally 2,155 pounds per square inch in 
the THI-2 plant. 


In normal operatiors, it is important in a pressurized water . 
reactor that the water that is heated in the core remain below 
"saturation" -= that is, the temperature and pressure combination at 
which water boils and turms to stcem. In an accident, stcam formation 
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fuel should melt, the molten fuel could melt through the reactor 

vessel itself and release large quantities of radioactive materials 

4nto the containment building. What might happen following such an 5 
event is very complicated and depends on a oumber of variables such 

as the specific characteristics of the materials on which a particular 
Containment building is constructed. 10/ 


The essential elerents of the TMI-2 system during norn2l operations 
tnelude:- 


© ° The reactor, with its fuel rods and control rods. 


e Water, which is heated by the fission process going on 

inside the fuel rods to ultimately produce steam to run the 

turbine. This water, by removing heat, also keeps the fuel 
gods from becoming overheated. : 


eee 
Ce eed 


6 Two steam generators, through which the heated water 
_paSses and gives up its heat to convert cooler wa ter in anot! hog 


~ @losed system to stcem. a > 
© A Steam turbine thet drives a generator to produce electricity. 
© Purps to circulate water through the various systezs. 


© A pressurizer, 2 large tank that maintains the reactor 

Water 2t a pressure high enough to prevent boiling. At TMI~2, 
the pressurizer tack usually holds 800 cubic feet of water and ay 
700 cubic feet of steam above it. The steam pressure is con- 
trolled by heating or cooling the water in the pressurizer. 
The stczm pressure, im turn, is used to control the pressure 
ef the water seating the reactor. 


Yormally, water to the THI-2 reactor flows through 2 closed 
eystem of pipes called the “reactor coolant system" or "privary 
loop." The water is’ pushed through the reactor by four reactor ~ 
Codlant puss, each powered by a 9,000 horsepower electric motor. 

In the reactor, the water picks up heat 2s it flows arom. each fuel 
tod. Then it travels through 36-inch diameter, stainless steel - 
‘pipes Shaped like and called “candy .canes," and into the stezm 
generators. . | E me Nhs aca aa 


Ta the steam generators, 2 transfer of heat takes place. The 
wery hot water from the reactor coolzat system travels down through: -=. 
the steam geuerators in a series of corrosion-resistant tubes. 
Meanwhile, water from another closed system =~ the feedwater systen 
or “secondary loop" ~~ is forced into the stesm penerator. 


The fecdwater in the steam generators Flows around the tubes 
that contain the hot water from the reactor coolant system. Some of 
this heat is transferred-to the cooler feedwater, which boils and 
Decomes steam. Just as it would be in a coal~ or oil-fired generating 
plant, the steam is carried from the two steam generators to turn 3 
the steam turbine, which roms the electricity-producing penerator. 
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The water from the reactor coolant system, which has aow lost 
@ some of its heat, is pumped back to the reactor to pass ayound the 
fuel rods, pick up more heat, and begin its cycle again. 


The water from the feedwater system, which has turned to steam 
to drive the turbine, passes‘through devices called condensers. 
Here, the steam is condensed back to water, and is forced hack to 
the steam generators again. 


The condenser water is cooled in the cooling towers. The water. 
that cools the condensers is also in a closed system or loop. It 
cools the concensers, picks up heat, and is pumped to the cooling 
towers, where it cascades along 4 series of steps. As it does, it 
releases its heat to the outside air, creating the white vapor 
plumes thet drift skyward from the towers. Then the water is pumped 
back to the condensers to begin its cooling process over again. 

‘- 5 
Neither the water that cools the condensers, nor the vapor 

: pluzes that rise from the cooling towers, nor any of the water that 
; runs through the feedwater system is radioactive under normal conditions.: 
The water thet rums through the reactor coolant system is radioactive, 
of course, since it kas becn exposed to the radioactive materials in 
the core. ; ; 

The turbine, the electric generator it powers, and most of the 
feedwater system piping are cutside the containment building in 
other structures. The steam generaters, however, which must be fed 
by water from both the reacter coolant zi:d feedwater systems, are 
inside the coutzinment building with the reactor and the pressurizer 
tank. 


A nucleer power facility is designed with many ways to protect 
against system failure. Each of its major systems has an automatic 
backup system to replace it in the event of a failure. For example, 
in 2 loss-of-coolant accident (LOCA) -= that is, an accident in 
which there is a loss of the reactor's cooling water <- the Emergency 
Core Cooling System (ECCS) automatically uses existing plant equipment 

-,, to ensure that cooling weter cevers the core. Ls on. 
In a LOCA, such as occurred at TifI-2, a vital part of the ECCS 
is the High Pressure Injection (IPI) pumps, which cam pour about 
1,000 gallons a minute ints the core to replace cooling water being — 
lost through a stuck-opem vzlve, broken pipe, or other type of leak. . 
But the ECCS can be effective only if plant operators allow it to 
keep running 2nd functioning as designed. At Three Mile Island, 
they did not. - 
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In the parlance of the electric power industry, 2 "trip" eeans 
&@ piece of machinery stops operating. A series of feedwater systen 
pwops supplying water to THI-2's steam generators tripped on the 
morning of Merch 28, 1979. The puclear plant was operating at $7 
percent power at the time. The first pump trip occurred at 36 
seconds after 4:00 a.m. When the puurs stopped, the flow of weter 
to the steam generators stopped. With no feedvater being added, 
there secon would be no steam, so the plant's safety systen 
autccaticrlly shut down the steam turbine end the electric generator 
it powered. The incident at Three Mile Island was 2 seconds old. 


The production of steam is a critical function of a nuclezr 
reactor. Not only dees steam run the senerater to produce 
. @lectricity but also, as stean is produced, it removes some of the 
aintezse heat that the reactor water carries. 
5 e 
When the feedvater flow stopped, the temperature of the reactor 
cocleat increased. The rapidly heating water expanded. The 
pressurizer level (the level of the water inside the pressurizer 
tank) rose and the steam in the top of the tank compressed. Pressurc 
- insiés the pressurizer built to 2,255 pounds per square inch, 100. 
psi more then norwal. Then a valve atop the pressurizer, called a 
pilct-operated relief valve, or FORV, opened -- as it wes desigued 
to to -~ and steam and water began flowing out of the reactor ccolant 
Systex through a drain pipe to a tank on the floor of the containment 
building.11/ Pressure continued to rise, however, and § scconds 
. 8fter the first pump tripped, THI-2's reactor <- as it was designed 
_ to do -- scramed: its control rods automatically dropped down into . 
the reactor core to halt its oucletr fission. : ea 


Tess than a second later, the heet generated by fission was 
essextially zero. But, as in any nuclear reactor, the decaying 
radioactive materials left from the fission process continued to 
heat the reactor's coolant water. This heat was a sual] fraction =~ 

. just & percent += of that released during fission, but it was still 
substantial and had to be removed to keep the core from overheating. 
When the pumps that normally supply the steam generator with water 


’ 
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shut down, three emergency feedwater pumps automatically started. 
Fourteen seconds into the accident, an operator in TMI-2's control 

© room noted the emergency feed puzps were running. He did not notice 
two lights that told him a valve was closed on each of the two 
emergency feedwater lines and thus no water could reach the steam 
generators. One light. vas covered by a yellow maintenance tag. No. 
one knows why the second light was missed.12/— 


With the reactor scrammed and the PORV open, pressure in the 
reactor coolant system fell. Up to this point, the reactor system 
was responding normally to a turbine trip. The PORV should have 
clased 13 seconds into the accident, when pressure dropped to 2,205 
psi. It did not. A light on the control room panel indicated that 
the electric power that opened the PORV had gone off; leading the 
oper2tors to assume the valve hed shui.13/ But the PORV was stuck 
open, and would remain open for 2 hours and 22 minutes, draining 

needed coolant water -- a LOCA wes in progress. In the first 100 

= . minutes of the eccident, some 32,009 gallons <= over one-third of 

the extire capacity of the rezctor coolent system -- would escape 
through the FORV end out the reactor's let-down systen. Had the 
valve closed as it was designed to do, or if the control roo cperators 
had realized that the valve vas stuck open and closed a beckup valve 
to steu the flew of coolant water, or if they had simply left on the 

 plest's bigh pressure injection pezps, the accident at Three Mile 

Islaed would keve remained Little more than a minor.inconvcnience 
fox Met Ed. 


oe. See eee 


To 2 casual visitor, the control room at THI-2 can be en in~ 
tisséating plece, with messages coming from the loudspeaker of the 
plant's paging system; panel upen panel of red, green, amber, and 
whiite lights; and alarms that sourd or flash warnings many times 
each hour. Reactor operators are trained how to respond and to 
respond quickly in emergencies. . Initial actions are ingrained, 
alrmst eutomatic end unthinking. 14/ 


The burden of dealing with the early, crucial stages of the 
-* ,acehient at Three Mile Island fell to four men -- William Zewe, 

_ Shift supervisor in charge of both TMI-1 and THI-2; Fred Scheimann, 
* shifft forenan for THI-2; and two control room operators, Edward 
Fretierick and Craig Faust. Each had been trained for his job by Met 
Ed and Babcock & Wilcox, the company that supplied TMI-2's reactor 
and muclear steam system; each was licensed by the Nuclear Regulatory 
Commission; each was a product of his training -- training that did 
not adequately prepare them to cope with the accident at TMI-2.15/ 
Indeed, their training wes partly responsible for escalating what 
should have been a minor event into a potentially devastating accident. 


Frederick and Faust were in the control room 16/ when the first 
alarm sounded, followed by a cascade of alarms that numbered 100 
within minutes. The operators reacted quickly as trained to counter 
@ the turbine trip and reactor scram. Later Faust would recall for 
the Commission his reaction to the incessant alarms: "I would have 
liked to have thrown away the alarm panel. It wasn't giving us any 
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‘useful information."17/ Zewe, working in a small, glass-enclosed 
office behind the operators, alerted the TMI-1 control room of the 
TMI-2 scram and called his shift foreman back to the control room. 


Scheimann had been overseeing maintenance om the plant's 
Number 7 polisher -- one of. the machines that remove dissolved 
minerals from the fecdwater system. His crew was using a mixture of 
air and water to break up resin that had clogged a resin transfer 
line. Later investigation would reveal that a faulty valve in one 
of the polishers allowed come water to leak into the air-controlled 
system that opens and closes the polishers’ valves and may have been 
a factor in their sudden closure just before the accident began. 
This malfunction probably trigecred the initial pump trip that led 
to the accident. The save prok><s of water leaking into the 
polishers' valve control system Lad occurred at least twice before 
at TiHI-2. Had Met Ed corrected the earlier polisher problex, the | 
March 28 sequeuce of cvents may never h:ve begua.18/ 
t 


=0~0-0- 


_ With the FORV stuck opex and heat being removed by the stece: 
generators, the pressure and temperature of the reactor coolant 
System dropped. The water level also fell ir the pressurizer, 
Thirteen seconds into.the accident, the operators turned on a pump 
to add water to the system. This was done because the water in the 
system was shrintving es it cooled. us more water was needed to 
fill the system. Forty-cight seconds into the incident, while 
pressure continued falling, the water level in the pressurizer began 
to rise again. The recson, at this point, wes that the cmount cof 
water being pumped into the system was greater thza that being lost 
through the PORV. Rice 


About 2 minute and 45 seconds into the incident, becczuse their 
emergency water lines were blocked, the steam generators boiled dry. 
_ After the steam generators boiled dry, the reactor coolent heated up 
again, expanded, and this helped sence the pressurizer level up 
further. 


Two minutes into the incident, with the pressurizer level still 
. pising, pressure in the reactor coolant system dropped sharply. 
Automatically, two large pumps began pouring about 1,000 gallens a 
minute into the system. The pumps, called high pressure injection. 
(HPI) pucps, are part of the reactor's emergency core cooling system. 
The level of water in the pressurizer continued to rise, and the 
operators, conditioned to maintain a certain level in the 
pressurizer, took this to mean that the system had plenty of water 
in it.19/ Wowever, the pressure of reactor coolant system water was 
falling, aod its temperature became constant. 


_ About 2-4 minutes after the HPI pumps began working, Frederick 
shut one down and reduced the flow of the second to less than 
100 gallons per minute. The falling pressure, coupled with a 
_ Constant reactor coolant temperature after HPI came on, should have . oa 
Clearly alerted the operators that THI-2 had suffered a LOCA, and 
safety required they maintain high pressure injection. "The rapidly 
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increasing pressurizer level at the onset of the accident led me to 


_ believe that the high pressure injection was excessive, and that we 


were soon going to have a solid system," Frederick later told the 
Commission. 20/ ; 


A solid system is one in which the entire reactor and its 
cooling system, including the pressurizer, are filled with water. 
The operators had been taught to keep the system from "going solid" <= 
a condition that would make controlling the pressure within the 
reactor coolant system more difficult end that might damage the 
System. The operators followed this line of reasoning, oblivious 


‘for over 4 hours to a far greater threat -- that the loss of water 


from the system could result in uncovering the core.21/ 

The saturation point was reached 5-% minutes into the accidest. 
Stezi bubbles began formine in the resctor coolant system, displacing 
the coolant water in the reactor itself. The displaced water moved 


..into the pressurizer, sending its level still higher. This continucd 


to suggest to the operators that there was-pleaty of water in the 
System. They did not realize that water was actually flashing into 
stean in the reactor, and with more water leaving the system than 
being added, the core was on its way to being uncovered.22/ And soa 
the operators began draining off the reactor's cooling water through 


piping called the let-down systen. . 


Eight minutes into the accident, someone -= just who is a 
matter of dispute -- discovered that no emergency feedwater was 
reaching the steam generators. Operator Faust sc2nned the lights on 
the control panel thet indicate whother the emergency feedwater 
valves are open or cloced. He first checked a set of emergency 
feedwater valves designed to open after the pumps reach full speed; 
they were open. Next he checked a second pair of emergency feedwater 
valves, called the "twalve-valves,'t which are always supposed to be 
open, except during a specific test of the emergency feedwater 
pumps. The two “twelve-valves" were closed. Faust opened them and 
water rushed into the steam generators. 23/ 


a 

The two "twelve-valves" were known to have been closed 2 days ~ 
earlier, on March 26, as part of a routine test of the emergency 
feedwater puzps. A Commission investigation has not identified a 
Specific reason as to why the valves were closed at 8 minutes into 
the accident. The most likely explanations are: the valves were 
mever reopened after the March 26 test; or the valves were reopened 
and the control room operators mistakenly closed the valves during 
the very first part of the accident; or the valves were closed 
Mistakenly from control points outside the control room after the 
test. The loss of energency feedwater for 8 minutes had no significant 
effect on the outcome of the accident.24/ But it did add to the 
confusion that distracted the operators as they sought to understand 
the cause of their primary problem. : 


Throughout the first 2 hours of the accident, the operators 
ignored or failed to recognize the significance of several things 
that should have warned them that they had an open PORV and a loss- 
of-coolant accident. One was the high temperatures at the 
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TMI-2 control room operators testifying before the Cormission. 
_ - Seated (1 to r) are Emmest Blake, legal counzel to Met Ed, end operators 
Fred Scheimann, Williem Zewe, Edward Frederick, and Craig Faust.  °-°: 
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drain pipe that led from the PORV to the reactor coolant drain tank. 


_ One emergency procedure states that a pipe temperature of 200°F 


indicates an open PORV. Another states that when the drain pipe 
temperature reaches 130°F, the block valve beneath it should be 
closed.25/ But the operators testified that the pipe temperature 
normally registered high because either the PORV or some other valve 
was leaking slightly. "I have seen, in reviewing logs since the + 
accident, approximately 198 degrees," Zewe told the Comnission. 

"But I can remember instances before . . . just over 200 degrees."26/ 
So Zewe and his crew dismissed the significcnce of the temperature’ 
readings, which Zewe recalled as being in the 230°F range. Recorded 
datz show the range reached 285°F. Zewe told the Commission that he 
regarded the high temperatures on the drain pipe as residual heat: 

" . J [K]nowing that the relief valve had liited, the downstream 
temperature I would expect to be high and thet it would tzke sone 


time for the pipe to cool down below the 200-degree set point."27/ | 


-0-0~0- got 


At 4:11 a.m., an alarm signaled high water in the containment 
building's sump, 2 clear irdicatica of a leak or break in the systes. 
The water, mixed with stean, had come from the onen PORV, first 
falling to the drsin tank on the containment building floor and 
finally filling the tank and flowing into the sump. At 4:15 a.m., a 
rupture disc on the drain tank burst as pressure ia the tank rose. 
This sent nore slightly radioactive water onto-the floor and into 
the sump. Froa the sump it was puaped to 2 tank in the nearby 
auxiliary building. OS 


Five minutes later, at 4:20 a.m., instruuents measuring the 
neutrons inside the core showed a count higher than normal, another 


_ indication --. unrecognized by the operators -- that stezm bubbles 


were present in the core and forcing cooling water away from the 
fuel rods. During this time, the temperature and pressure inside 
the containment building rose rapidly from the heat and steam 
escsping via the PORV and dr2in tank. ‘The operators turned on the 
cooling equipsent and fens inside the containment building. The 
fact that they failed to realize that these conditions resulted fros 


a LOCA indicates a severe deficieacy in their training to ideatify 
. the syrptous of such an accident.28/ . ie 


About this tine, Edward Frederick took a call froa the auxiljery 
building. He was told an instrusent there indicated more than 6 
feet of water in the containment building sump. Frederick queried 
the control room computer and got the same answer. Frederick 
recommended shutting off the two sump pumps in the containment 
building. He did not know where the water was coming from and did 
not want to pump water of unknown origin, which might be radioactive, 


_ outside the contrinnent building.29/ Both sump pumps were stopped 


about 4:39 a.m. Before they were, however, 25 much as &,000 gallons. 
of slightly radioactive water may have been pumped into the auxiliary 


building.30/ Only 39 minutes had passed since the start of the 


accident. 
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' Control panel of THI-2, showing maintenance tags thet operators 


testified covered one of the closed emergency feedwater valve 
indicator lights during the first 8 mivutes of the accident. — 
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Gary Miller (1), station manager of TMI, and George Kinder (r), 
TMI-2's superintendent for technical suppert, testifying before 
the Couaission. ; 
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George Kunder, superintendent of technical support at TMI-2, 
arrived at the Island about 4:45 a.m., summoned by telephone. 
Kunder was duty officer that day, and he hed been told TMI-2 had had 
a turbine trip and reactor scram. What he found upon his arrival 
was not what he expected. "I felt we were experiencing a very 
unusual situation, because I had never seen pressurizer level go 
high and peg in the high range, and at the same tine, pressure being 
low," he told the Commission. "They have always perforued 
consistently."31/ Kunder's view was shared by the control room 
crew. They later described the accident as a combinatioa of events 
they hed never experienced, either in operating the plant or in 
their training simulations.32/ 


Shortly after 5:00 a.m.,.THl-2's four reactor coolant pumps 
began vibrating severely. This resulted from pumping steam as well 
as water, and it was another indication that went unrecognized that 
the rezctor's water was boiling into steau. The operators feared 
the violezt shaking might damage the pumps -- which force water to 
circulzte through the core -= or the coolant piping.33/ 


Zewe aad his operaters followed their training. At 5:14 a.zn., 
two of the pumps. were shut down. Twenty-seven minutes Later, 
operators turned off the two renaining pumps, stopping the forced 
flow of cooling water through the core. 


There was already evidence by approximately 6:00 a.m. that et 
least a few of the reactor's fuel rod claddings had ruptured fron 
high gas pressures inside then, allowing soe af. the radioactive go tg 
gases within the rods to escape into the coolant water. The early we 
Waraing came from radiation alarms inside the containnent building. 

With coolant continuing to stream out the open PORV and little water 


- being added, the top of the core became uncovered and heated to the 
“ point where the zirconiua alloy of the fuel rod cladding reacted 


with steam to produce hydrogen. Some of this hydrogen escaped into 
the containment buildiscg through the open PORV and drain tank; some 
of it remained within the zseactor. This hydrogen, and possibly 
hydrogen produced later in the day, caused the explosion in the 
containment building on Wednesday afternoon and formed the gas 
bubble that produced such great concern a few days later.34/ 


Other THI officials now were arriving in the TMI-2 control 
room. They included Richard Dubiel, a health physicist who served 
as supervisor of radiation protection and chemistry; Joseph Logan, 
superintendent of THI-2; ane Michael Ross, supervisor of operations 


for THI-1. 


Shortly after 6:00 a.m., George Kunder participated in a 
telephone conference call with John Herbein, Met Ed's vice president 
for generation; Gary Miller, TMI station manager and Met Ed's senior 
executive stationed at the nuclear facility; and Leland Rogers, the 
Babcock & Wilcox site representative at TMI. The four men discussed 
the situation at the plant. In his deposition, Rogers recalled a 
significant question he posed during that call: He“asked if the up 
block valve between the pressurizer and the PORV, a backup valve 99 
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that could be closed if the PORV stuck open, had been shut. . 


“QUESTION: What was the response? 


aN 
ioe 


ROGERS: George's imzediate response was, "I don't know," 
and he had someone standing next to the shift supervisor over 
back of the control room and sent the guy to find out if the 
valve block was shut. © 


QUESTION: You heard him give these instructions? 


ROGERS: - Yes, and very shortly I heard the answer come back 
from the other person to George, and he said, "Yes, the block 
valve was shut. . . ."35/ 


The operators shut the block valve at 6:22 a.m., 2 hours and 
: 22 minutes after the PORV had opened. 


It remains, however, an open question wether Rogers or someone 
else was responsible for eae valve being clesed. Edward Frederick 
Pe “testified that the valve was closed at the suggestion of a shift 
supervisor coming onto the eee shift; but Frederick has also 
testified that the valve was closed because he and his fellow 
i ; operators could think of nething else to do to bring the reactor 
back under control.36/ 


In any event, the loss of coolant was stopped, and pressure 

began to rise, but the damage continued. Evidence now indicates the 
eMatee in the reactor was below the top of the core at 6:15 a.m. Yet 

: for sone unexplained reason, high pressure injection to replace the 

water lost through the PORV and let-dowm systen was not initiated — 

: for almost another hour. Before that occurred, Kunder, Dubiel, and 

their collesgues vould EGeaae they faced a serious emergency at 

- TMT-2. ‘ 


In the 2 hours after the turbine trip, periodic alarms warned 

: nef Low-Level. radiation within the unoccupied containment building. 

- ° After 6:00 a.m., the radiation readings markedly increased. About 

3 ‘ 24230 a.m., a radiation technician began surveying the TMI-2 
t:auxiliary building, using a portable detector -- a task that took 

; =: z.about 20 minutes. He reparted rapidly increasing levels of 

a eee vadiatica, up to ome rem per hour. During this period, monitors in 

3 Bs the containment and auxiliary buildings showed rising radiatioa 

, revels. By 6:43 a.m., high radiation levels existed in several 

4 - areas of the plant, and evidence indicates as much as two-thirds of 

‘ the 12-foot high core stood uncovered at this time. Analyses and 
calculations made after the accident indicate temperatures as high 
as 3,500 to 4,000°F or mors in parts of the core existed during its 
Maxirum uncovery.37/ At 6:54 a.m., the operators turned on one of 
the reactor coolant pumps, but shut it down 19 minutes later because 
ef high vibrations. More radiation alarms went off. Shortly before 
7:00 a.m., Kunder and Zewe declared a site emergeacy, required by 
TMI’s emergency plan whenever some event threatens “an uncontrolled 

 Belease of radioactivity to tue immediate environment."38/ 
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Gary Miller, TMI station manager, arrived at the THI-2 control 


‘room a few minutes after 7:00 a.m. Radiation levels were increasing 


throughout the plant. Miller had first learned of the turbine trip 
and reactor scram within minutes after they o¢curred. He had had 
several telephone conversations with people at the site, including 
the 6:00 a.m. conference call. When he reached Three Mile Island, 
Miller found that a site emergency existed. He immediately assuned 
command as emergency director and formed a team of senior employees 
to aid him in controlling the accident and in implementing THI~2's 
emergency plan.39/ 


Miller told Michzel Ross to supervise operator eactivitics in 
the TiI-2 control room. Richard Dubiel directed radiation activities, 
including monitorings on- and off-site. Joseph Logan was charged 
with ensuring that all required procedures and plans were: reviewed 
and followed. George Kunder took over technical suppoxt and 
copmunications. Daniel Shovlin, TNI's maintenance supcrintendcnat, 
directed emergency maintenance. B&W's Leland Rogers was zesked to 
provide technical assistance and serve zs liaison with his hone 
office. Miller gave Janes Seelinger, superintendent ef THI-1, 
charge of the emergency control station set up in the THI-1 control 


’ yoom.40/ Under TEI's emergency plan, the sea room of the unit 


not involved in an accident becomes the emergency control station. | 
On March 28, TMI-1 was in the process of starting again after being 
shut down fox refueling of its reactor. 


THI personnel were already following the emergeacy plan, 
telephoning state authorities about the site emergency.41/ The 
Pennsylvania Energency Management Agency (PEMA) was asked to notify 
the Buresu of Radiation Frotection (BRP), part of Penusylvania's 
Department of Environmental Resouxces. The bureau in tura telephoned 
Kevin Molloy, director of the Dauphin County Office of Emergency 
Preparedness. Dauphin County includes Harrisburg and Three Mile 
Island. Other nearby counties and the State Police were alerted. 


Met Ed alerted the U.S. Department of Energy's Radiological 
Assistance Plen office at Brookhaven Hational Laboratory. But 


“notifying the Nuclesr Regulatory Commission's Region I office in 


King of Prussia, Pennsylvania, took longer. The initial phone call 
reached an answering service, which tried to telephone the NRC duty 
officer and the region's deputy director at their homes. Both were 
en route to work. 

By the time the NRC learned of the accident -= when its Region I 
office opened at 7:45 a.m. -- Miller had escalated the site emergency 
at Three Mile Island to a general emergency. Shortly after 7:15 a.m., 
emergency workers had to evacuate the TMI-2 auxiliary building. 
William Dornsife, a nuclear engineer with the Pennsylvania Bureau of 
Radiation Protection, was on the telephone to the THI-2 control room 
at the time. He heard the evacuation ordered over the plant's 
paging system. "And I said to myself, ‘This is the biggie,'" 
Dorusife recalled in his deposition. 42/ ‘ 3 


At 7:20 a.m., an alarm indicated that the radiation dome monitor. 
high in the containment building was reading 8 rems per hour. The ne 
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‘monitor is shielded by lead. This shielding is-designed to cut the 


radioactivity reaching the monitor by 100 times. Thus, those in the 
control room interpreted the monitor's, alarm as meaning that the 
radiation presedt in the containment building at the time was about 
800 reas per hour. Almost simultaneously, the operators finally 
turned on the high pressure injection pumps, once again dumping . 
water into the reactor, but this intense flow was kept on for only 
18 minutes. Other radiation alarms sounded in the control room. 
Gary Miller declared a general emergency at 7:24 a.m. By definition, 


‘at Three Mile Island, a general emergency is an “incident which has 


the potential for serious radiological consequences to the health 
and safety of the general public."43/ 


As part of TMI's emergency plan, state authorities were again 
notificd ead teams were sent to monitor radiation on the Island and 


_ashore. The first team, designated Alpha aud consisting of two 


radiation technicians, was sent to the west side of the Island, the 
downwind direction at the time. Another two-man team, designated 
Charlie, left for Goldsboro, a community of some 600 persons on the 
west bank of the Susquehanna River zcross from Three Mile Island. 
Meanwhile, 2 team sent into the auxiliary building reported increasing 


_ vadiation levels and the building's basemant partly flooded with 
water. At 7:48 a.m., radiation team Alpha reported radiation levels 


along the Island's west shoreline were less than one millirem per 

hour. Minutes later, another radiation team reported similar readings | 
at the Island's north gate and along Route 441, which rums parallel 

to the Susquehanna'’s eastern shore. 


=0-0-0- 


Nearly 4 hours after the accident began, the ccntainnent building 
autenaticzlly isolated. Isolation is intended to help prevent 
radioactive material released by an accident from escaping into the 
environment. The building is not totally closed off. Pipes carrying 
coolant run between the containment and auxiliary buildings. These 
pipes close off when the containment building isolates, but the ~~: 
operators can open them. This occurred at THI-2 and radioactive 
water flowed through these pipes even during isolation. Some of 
this piping leaked radioactive material into the auxiliary buildings, 
some of which escaped from there into the atrosphere outside .44/ 


In September 1975, the NRC instituted its Standard Review Plan, 
which included new criteria for isolation. The plan listed three 


- conditions -- increased pressure, rising radiation levels, and 


emergency core cooling system activation -- and required that 
containment buildings isolate on any two of the three. However, the 


_plan was not applied to ouclear plants that had already received 


their construction permits. THI-2 had, so it was "grandfathered" 


“and sot required to meet the Standard Review Plan, although the 


plant had yet to receive its operating license.45/ 


In the TMI-2 design, isolation occurred only when increasing 
pressure in the containment building reached a certain point, nominally 
4 pounds per square inch. Radiation releases alone, no matter how 
intense, would not initiate isolation, nor would ECCS activation. 46/ 
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Although large amounts of steam entered the containment building 


‘early in the THI-2 accident through the open PORV, the operators had 


kept pressure there low by using the building's cooling and ventilation 
system. But the failure to isolate early made little difference in 

the THI-2 accident. Some of the radioactivity ultimately released 

into the atmosphere occurred after isolation from leaks in the 

let-down system that continued to carry radioactive water out of the 
containnent building into the auxiliary building.47/ 


At &:26 a.m., the operators once again turned on the ECCS's 
high pressure injection pumps and maintained a relatively high rate 
of flow. The core was still uncovered at this time and evidence 
indicates it took until about 10:30 a.m. for the Het puzps to fully 
cover the core again. 


By 7:50 a.m., NRC Region I officials had established direct 
telephone contact with the THI-2 control room, Ten miautes later, 
Regioa I activated its Incident Response Center at King of Prussia, 
opened a direct telephone line to the Emergency Control Statiou in 
the THI-1 control room, and notified NRC staff headquartcrs in 
Bethesda, Maryland. Region I officials gathered what informatica 
they covld and relayed it to NRC headauarters, which had activated 
its owa Incident Response Center. Regier I dispatched two teams of 
inspectors to Three Mile Island; the first left at about 8:45 a.m., 
the second a few minutes later. . 


Around 8:00 a.m., it was clear to Gsry Miller that the THI-2 
reactor had suffered some fuel damage. The radiation levels told 
bim that. Yet Hiller would testify to the Commission: "...TI 
don't. belicve in’ my mind I really believed the core had been totally 
uncovered, or uncovered to a substantial degree at that tinc."48/ 


Off the Island, radiation readings continued to be encouragingly 


‘ low. Survey tesm Charlie reported no detectable radiation in Coldsbors. 


“Miller and several aides concluded about 8:30 a.m. that the emergency 
plan was being properly implemented. 


-0-0-0- 


WKBO, a Harrisburg "Top 40" music station, broke the story of 


‘THI-2 on its 8:25 a.m. newscast. ‘he station's traffic reporter, 


known as Captain Dave, uses an automobile cquipped with a CB radio 
to gather his information. About 8:00 a.m. he heard police and fire 
fighters were mobilizing in Middletown end relayed this to his 
station. Mike Pintek, WKBO's news director, called Three Mile 
Island and asked for a public relations official. He was connected 
instead with the control room to a wan who told him: “I can't talk 
now, we've got a problem.” The man denied that "there are any fire 
engines," and told Pintek to telephone Met Ed's headquarters in 
Reading, Pennsylvania. ; 


' Pintek did, and finally reached Blaine Fabian, the company's 


manager of communications services. In an interview with the Comaission 
staff, Pintek told what happened next: 
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Fabian came on and said there was a general emergeacy. - What 

the hell is that? He said that. general enérgency was a “red-tape" 
type of thing required by the NRC when certain conditions 

exist. What conditions? "There was a problem with a feedwater 
pump. The plant is shut down. We're working on it. There's 

no danger off-site. No danger to the general public." And 

that is the story we went with at 8:25. I tried to tone it 

down so people wouldn't be alamaed.49/ 


At 9:06 a.m., the Associated Press filed its first story -= a 
brief dispatch teletyped to newspaper, television, and radio news 
rooms across the nation. The article quoted Pennsylvania State 
Police as saying a general emergency had been declared, "there is no 
radiation leak," and that Met Ed officials had requested a State 
Police helicopter "that will carry a monitoring team." The story 
contained only six sentences in four paragraphs, but it alerted 

editors to what would become one of the most heavily reported news 

stories of 1979.50/ ayes 

Many public officials learned of the accident from the news 

media, rather than from the state, or their own emergency preparedness 
people. Harrisburg Meyor Paul Doutrich was one, and that still 
rankled him when he testified before the Cemmission 7 weeks later. 

} ; Doutrich heard about the problem in a2 9:15 a.m. telephone call frou 

: a radio station in Boston. "They asked me what we were doing about 

the nuclear emergency," Doutrich recalled. "Ny response was, ‘What 

nuclear emergency?! They said, 'Well, at Three Mile Island.‘ I 

szid, 'I know nothing about it. We have a nuclear plant there, but 

I know nothing about a problem.'. So they told me; a Boston radia 

station,"S1/ 


-0-0-0- 


: “At 9:15 a.m., the NRC notified the White House of the events at 
{ “ ae Three Mile Island. Seven minutes later, an air sample taken in 
toss "Goldsboro detected low levels of radicactive iodine~131. This 
specific reading was erroneous; a later, more seusitive analysis of 
the sample found no iodine-131L. At 9:30 a.m., John Herbein, Met 
Ed's vice president for generation, was ordered to Three tile Islaud 


i pei Be Se pom Philadelphia by Met Ed President Walter Creitz. And at 10:05 a.n., 
yous ee ee eat the first contingent of NRC Region I officials arrived at Three Mile 

{ Island. 

| : : In the days to follow, the NRC would dominate the public's 

{ . 7 perception of the events at Three Mile Island. But the initial NRC 

{ 


team consisted of only five Region I inspectors, headed by 
; Charles Gallina. The five were bricfed in the TMI-1 control room on 
i _ the status of TMI-2. Then Gallina sent two inspectors into the 
{ oe THI-2 control room and two more out to take radiation measurements; 
; he himself remained in the TMI-l control room to coordinate their 
reports and relay information to both Region I and NRC headquarters .52/ 


While the NRC team received its briefing, monitors indicated 
that radiation levels in the TiI-2 control room had risen above the 
levels considered acceptable in NRC regulations. Workers put oa 
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protective face masks with filters to screen out any dirborne radiéaétive 
et, a ’ particles. This made communications among those managing the accident 
(3 . difficult. At. 11:00 a.m.,.all nonessential personnel were ordered 
pee = off the Island. At the sacle hour, both Pennsylvania's Bureau of _ 
Radiation Protection and the NRC requested the Department of Energy 
to send a team from Brookhaven National Laboratory to assist in 
monitcring environmental radiation.53/ 


About this time, Mayor Robert Reid of Middletown telephoned Met 
Ed's home office in Reading. He was assured; he later told the | 
Commission, that no radioactive particles had escaped and no one wag 
injured. 


I felt relieved and relaxed; I said, "There's no problen." _ 
Twenty seconds later I walked out of my office and got in ay 
car and turned the radio on and the announcer told me, over 
the radio, that there were radioactize particles released. | 
Now, I said, "Gee whiz, what's going on here?" At 4:00 in the 
afternoon the same day the seme man called te at home and _ 
said, “Mayor Reid, I want to update our conversation that we 
had at 11:00 a. n." I said, “Are you going to. tell me that. 
{radioactive] particles were released?" He said, "Yes." I 

| - gaid, “I mew that 20 seconds after I spoke to you on the 

| ; : phone. "54/ 

Throughout much of the morning, Peunsylvania's Lieutenant _.. 
Governor William Scranton, III, focused his attention on Three Mile 
Island. Scranton was charged, émong other things, with oversezing 
the state's emergency prepareduess functions: He had planned a ... 
morning press conference on enerry conservation, but when he finally 
faced reporters in Harrisburg, the subject was TMI-2. 55/ In 4 brief 
epentes statement, Scranton said: 


The Metropolitan Edison Company has ingoimed us that there has 
been an incident at Three Mile Island, Unit-2: Everything is 
under control. Tkere is and was no danger. to public health 
and safety. . . . There was a small release of radiation to 
the environment. All safety equipment functioned properly: .__ 
Metropolitan Edison has been monitoring the air in the vicinity 
_. of the plant constantly since the incident: No fnereasé in 
= eae ae  * gormal radiation levels has been detected - : : /56/ 


i i a 


cad 2 tal Sal ‘ sae 2 = Se 5 awnes le 
During the questioning by reporters, however; Wiitisa Borasité 
of the state's Bureau of Radiation Protection; who was there ac .. 
Scranton's invitation, said Met Ed employees had "detected a small 
amount of radioactive iodine. . . ." Dornsife had learned of the 
iodine reading (later found to be in error) just before the press 
conference began and had not had time to tell Scranton: Dornsife. 
dismissed any threat to human health from the amount of tadioactivé 
fodine reported in Goldsboro, 57/ 
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Shortly after the press conference, a.reporter tald Scranton 
that Met Ed in Reading denzed any off-site radiation. While some 
Company executives were aknowledging radiation readings off the | _ 
Island, low-level public relations ortxctats at Met Ed's headquartérs | ca 
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continued until noon to deny any off-site releases. It was an error 
in communications within Met Ed, one of several that would reduce 
the utility's credibility with public officials and the press. 
“This was the first contradictory bit of information that we received 
and it caused some disturbance," Scranton told the Commission in his 
testimony.58/ 

-0-0-0- 


- At Three Mile Island, the control room was crowded with operators 
and supervisors trying to bring the plant under control. They had 
failed in efforts to establish natural circulation cooling. This 
essentially means setting up a flow of water, without mechanical - 
assistance, by heating water-in the core and cooling it in the steam 
generators. This effort failed because the reactor coolant system 
was not filled with water and a gas bubble forming in the ‘top of the 
reactor blocked this flow of water. At 11:38 a.m., operators began 
to decrease pressure in the reactor systen. Ths prescurizer block 
walve was opened and high pressure injecticn cut sharply. This 
resulted again in a loss of coolant and an uacovering of the core. 
The depressurizatioa attempt ended at 3:08 p.m.59/ The amount end 


duration of core uncovery during this period remains unknown. 


About noon, three employees entered the auziliary building and . 


“fewnd radiation levels ranging from 50 millirems to 1,000 rems (one 


million willirems) an hour. Each of the three workers received an 
8ii-millirem dose during the entry.60/ At 12:45 p.m., the Pennsylvania 
State Police closed Route 441 to traffic near Three Mile Island at 

the request of the state's Bureau of Rediation Protection. An hour 
Later, the U.S. Department of Energy team began its first helicopter 
£hight to monitor radiation levels. And at 1:50 p.m., a noise 


penetrated tuc Til~2 control room; “a thud," as Gary Miller later 
@heracterized it. of 


That thud was the sound of a hydrogen explosion inside the 
@matainnent building. It was heard in the contro] room; its force ~~ 
of 28 pounds per square inch was recorded on a computer strip chart 
there, which Met Ed's Michael Ross examined within e minute or 


~ gwe.62/ Yet Ross and others failed to realize the significance of 


the event. Not until late Thursday was that sudden and brief rise 

im pressure recognized as an explosion of hydrogen gas released from 
the reactor. The noise, said BSW's Leland Rogers in his deposition, | 
was dismissed at the time as the slamming of a ventilation damper.63/ 
&ed the pressure spike om the strip chart, Ross explained to the 
Commission, “we kind of wrote it off . .. [as] possibly instrument 
malfunction. . . ."64/ 


Miller, Herbein, and Kunder left for Harrisburg soon afterwards eS 
for a 2:30 p.a. briefing with Lieutenant Governor Scranton on the : 
events at Three Mile Island. At 2:27 p.m., radiation readings in 
Middletown ranged from 1 to 2 millirems per hour.65/ 

. “0-0-0 - e ; 2 * E * ae 


The influx of news media from outside the Harrisburg area began 
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: '. UMI-2 control reom several days after the start of the accident. 
3 oe - The man in the foreground wearing 2 helmet is Charles Gallina, NRC 
inspector from Region I. The two men above Gallina are Craig Faust 
and William Zewe, both of whom were on duty when the accident began. 
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and United Press International had alerted editors here and abroad 
to the accident. The heavy flow of newspaper and magazine reporters, 
television and radio correspondents, and photographers and camera 
crews would come later as the sense of concern about Three Hile 
Island grew. But at 4:30 p.m., when Scranton once more met the 
press, he found some strange faces among the familiar crew of 
correspondeuts who regularly covered Pennsylvania's Capitol. 


Scranton had discussed the TMI situation with his own people 
and listened to Met Ed officials. "I woulda’t say that they [Met Ed] 
were exactly helpful, but they were not obstructive,” he later 
testified. "I think they were defensive." Scranton was disturbed 


oat among other things, Herbein's comment during their 2:30 p.m. 
vy? & P 


“meeting that Herbein had not told reporters about some radiation 
releases during an earlier Met Ed press conference because “it 
didn't come up."66/ So Scranton was less assured abcut conditions 
at Three Nile Island when he issued his afterfioon statement to the 
press: 


ow 


oe 


s 


This situation is more complex then the company first led us 

to believe. We are taking more tests. And at this point, we 
believe there is still no danger to public health. Metropolitan 
Edison has given you and us conflicting information. We just 
concluded a meeting with company off icials and hope this 
briefing will clear up sost of your questions. There has been 

a release of radioactivity into the environment. The magnitude 
of the release is still being determined, but there is no 
evidence yet that it has resulted in the presence of dangercus 
levels. The company has informed us that from 11:00 a.m. 

until zbout 1:30 p.m., Three Mile Island discharged into the 
air, steam that contained detectcbIe amounts of radiation. . . .67/ 


Scranton's statement ” inappropriately focused public attention 
“en the steam emissioas from THI-2 as a source of radiation. In 
fact, they were not, since the water that flows inside the towers is 
in a closed loop and cannot mix with water containing radinactive 
materizls vuless there is a leak in the systen. 


Scranton went on to discuss potential health effects of the 
radiation releases: 


The levels that were datected were below any existing or 
proposed emergency action levels. But we are concerned 
because any increased exposure carries with it some increased 
health risks. The full impact on public health is being 
evaluated as environmental samples are analyzed. We are 
concerned most about radioactive iodine, which can accuoulate 
in the thyroid, either through breathing or through drinking 
milk. Fortunately, ve don't believe the risk is significant 
because most dairy cows are.on stored feed at this time of 

- year.68/ 


Many Americans “learned about the accident at Three Mile Island 
from the evening newscasts of the television networks. Millions, 
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Lieutenant Governor William Scranton 


(1) and Oran Henderson (r), 


director of the Pennsylvania Emergency Managem 
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ee for example, watched as Walter Cronkite led off the CBS Bvertae 
Gs News: : 


It was the first step in a nuclear nightmare; as far as we 
know at this hour, no worse than that. But a government ~ 
official said that a breakdown in an atomic power plant in 
Pennsylvania today is probabiy the worst nuclear accident 
to date. ... 


At 7:30 p.n., Mayor Ken Myers of Goldsboro met with the borough 
council to discuss the accident and the borough's evacuation plan. 
Then Myers suggested he and the council members go Seas tOresor to 
talk with vesidents of the srzll comaunity. 


Everyone listened to what we had to say. We mainly told them 

of what we had heard through the radio, IV, and even our own 
public relations and communications department in the basement 
of the York County court house. . .. Then we told thes also 

of our evacuation plzns in case the Governor would declaxe an 
emergency and that we would all have to leave. Of course, 

right away they gave us questions: "Well, what should we do? 

Do you think it's safe that we should stay or do you think we 

} er should gc?" The ones that I talked to, I told them: ‘Use 

your own judgrent. We dare not tell you to leave your homes."69/ 
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In retrospect, Thursday seeued a day of calm. A sense of 


betterment, if not well-being, was the spirit for much of the day. 


Radiation levels remained high at points within the auxiliary buildings, 
but off-cite readings indicated no probless: The log book kept by 
the Dauphin County Cffice of Emergency Preparedness reflects this 
mood of < crisis passing: 
5:45 a.m. Called Pennsylvania Emergency Management Agency -~ 
. Blaisdale, reactor remains under control more 
Stable than yesterday, not back to normal, © 
monitoring continues by Met Ed, Radiolegiczl 
Health, aad Nuclear Regulatory Coumission. 


7:55 a.c. Pennsylvania Emergency Management Agency -~ 
. + « « no danger to public. 
11:25 a.n. Pennsylvania Emergency Manageusnt Agency advised 
Situation same. 
3:30 p.m. - - « Situation is improving. 


6:12 p.m. » « « Ma change =~ not cold yet, continues to 
improve, slow rate, off-site zelease controlled. 


7:00-9:00 p.m. - « « Pennsylvania Emergency Managenent says 


Island getting better. 


9:55 p.n. + » « BG real measureable reading off-site -- 
no health risk off-site, no emergency, bringing 
reactor to cold shut down. . . .70/ 


Radiation monitoring continued. Midmorning readings showed 5 
to 10 millirems an hour on-site and 1 to 3 millirems per hour across 
the Susquehanna River to the west. No radioactive iodine was detected 
in the air. The U.S. Food and Drug Administration began monitoring 
food, milk, and water in the area for radiation contamination. /71/ 
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Sen. Gary Hart (1), Sen. Alan Simpson (c), end Rep. Allen Ertel 
(r) arrive at THI for a briefing on the accident, March 29. 


PR PE PIES 
woke 
fella ae 


SOEs Se A ee ee BR eT coe cc 


Pine : ; *s 
4 s 


ACCOUNT OF THE ACCIDENT . 


Thursday was a day of questioning. NRC Chairman Joseph Hendrie 
and several key aides jourucyed to Capitol Hill to bricf the House > 
Subcormaittee on Energy and the Environment and other members of Con-~ 
gress on the accident. Lieutenant Governor Scranton spent several 
hours in the early afternoon at Three Mile Island, touring the THI-2 

7 control room and auxiliary building, wearing a radiation suit and 
respirator during part of his inspection. That same afternoon, 
Met Ed officials and NRC inspectors briefed several visiting members 
of Congress, including Rep. Allen Ertel (D-Pa.), whose district 
includes Three Mile Island, and Sen. John Heinz (R-Pa.). Later in 
the day, a second Congressional delegation that included Sen. 
Richard Schweiker (R-Pa.) and Rep. William Goodling (R-Pa.), whose 
district includes Yerk, Adams, ‘and Cumberland counties, received 2 
bricfing. 


wen 
£ 


Thursday wes also a day of disquieting discussicas and discoverics. 
Thurscsy afterncon, a telephone conversation took pléece hetucen two 
old ecqucintaness, Gorden Macleod, Pennsylvania's Secretary of 
Health, and Anthony Robbins, director of the Naticnal Institute for 
- Oeeupatioral Safety and Health. One important point of that conversetion 
remains in dispute. MacLeod recalls that Robbins urged hig to 
recommend an evacuation of people living around Three Hile Island.72/ 
Ls . : Robbins dceaies discussing or suggesting such an evacuation.73 _ as 


Up to this point, MacLeod -~- who hed taken office only 12 days 
before the accident -~ had offered no recommendations since his . . 
departrcnt. had no direct responsibility for radiological health ; 
“ i) ; mattcrs. Mow, however, he arrenged = conference telephone call with : 
Q Oran Henderson, director of the Pennsylvania Emergency Management 
Agency; Tinszas Gerusky, director of the Bureau pf Radiation Frotection; 
and John Fierce, an aide to Lieutenant Governor Scranton. MacLeod oe 
told thea Robbins had strongly recomnended evacuation. The others a 
z rejected the idea, although they agreed it should be reconsidered if 
. oe conditicns proved worse than they appeared at TMI-2. MacLeod then 
a ee asked if it might be wise to have pregnant women and children under 
age 2 leawe the area around the nuclear plant. This, too, was 
rejected Thursday afternoon.74/ 


At 2:10 p.m., a kelicopter over THI-2 deveceed a brief burst of 
‘radiation that measured 3,000 millirems per hour 15 feet above the 
plant's west. This information was relayed to NRC headquarters, 
where it created no great concera. 


But :another release that afternoon, one within NRC limits for 
radiatiou teleases, did cause considerable consternation. Soon 
after the accident began Wednesday, Met Ed stopped discharging 
wastewater from such seurces as toilets, showers, laundry facilities, 
and leakage in the turbine and control and service buildings into 
the Susqueisanna River. Normally, this water contains little or no 
radioactivity, but as a result of the accident, some radioactive 
gases had contaminated it. The radiation levels, however, were 

within the limits set by the NRC. By Thursday: afternoon, nearly d 
. + 400,000 gallons of this slightly radioactive water had accumulated ts 
" and the tanks were now close to overflowing. Two NRC officials == 
~ Charles Gallina on-site and George Smith at the Region I office -= 
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told Met Ed they had no objections .to releasing the water so long as 
it was within NRC specifications. Met Ed notified the Bureau of 
Radiation Protection and began dumping the. wastewater... No comnunities 
‘downstream from the plant were informed, nor was the press.75/ 


When NRC Chairman Hendrie learned of the release, he ordered it 
stopped. Hendrie did not know the water's source, and he was concerned 
about the impact on the public of the release of any radiation, no 
matter how slight.76/ Some 40,000 gallons had entered the river 
when the dumping ceased around 6:00 p.m. Both NRC officials on-site 


and the Governor's aides realized that authorizing release of the 


wastcwater would be unpopular, and neither was eager to do so. Yet 
the tanks still were close to overflowing. After hours of discussion, 
agreement was reached on the wording of a press release that the 
state's Department of Environsental Resources issued, which s2id DER 
"reluctcntly agrees that the action must be taken." Release of the 
wastewater resumed shortly after midnight.77/ 


Late Thursdsy afterncon, Covernor Thornburch had held a press 
conference. At it, the NRC's Charles Gallina told reporters the 
danger was over for people off the Island. Thornturgh distrusted 
the statement at the timc, and events soon confireed his suspicioa. 
At 6:30 p.w., Gallina and James Higgins, an NRC reactor inspector, - 
received the results of an analysis of the reactor's coolant water. 
It showed thst core damage was far more substential than either had 
anticipated. At 10:00 p.m., Eiggins telephoned the Governor's 
office with the new informatiou and indicated that a greater possibility 
of radiation releases existed. Nothing had changed inside the 
plant, ouly MRC's awarcness of the seriousness of the damage. Yet 
Higgins' call foretold events only heurs away. 78/ 
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The THI-2 reactor has a means of removing water from the reactor 
coolant system, called the let-down System, and one for addin; 4 
water, Called the make-up system. Piping from both runs through the 
THI-2 auxiliary building, aud NRC officials suspected that leaks in 
these two systexs explained ths sporadic, uncentrolled releases of 
; tadicactivity. They were also concerned about levels in the make-up 
7 : . - ° termk snd the two waste gas decay tanks inside the auxiliary building. 
Water from the let-down system flows into the make-up tank. In that 
tank, gases dissolved in the reactor's ccoling watcr at high pressure 
. are relecsed because the tank's pressure is lower, much as the gas 
of, bubbles in a presauvized carbonated beverage appear when the bottle 
@ is opencd. These gases, under normal circumstances, are compressed — 
and stored in the waste gas decay tanks. NRC officials worried that 
if the waste gas decay tanks filled to cspacity, relief valves would 
open, allowing a continuing escape of radiation into the environment.7$/ 
That concern and what Commission Chairman Kemeny would later call a 
erible coincidence"80/ resulted in a morning of ccnfusion,- : 
contradictory eveceation recommendations, and eventually an evacuation 
oS... advisory frou Governor Richard Thornburgh. 


About halfwey through his midnight-to-noon shift on Friday, 
Janes Floyd, THi-2's supervisor of operations, decided to transfer 
. Yadioactive gases from the make-up tank to a waste gas decay tank. 
- Floyd kmecw this would release radiation because of leaks in the 
system, but he cousidered the transfer necessary. The pressure in 
' . the make-up tart was so high that water that normally flowed into it 
for transfer to ‘the reactor coolant system could not enter the tank.” 
Floyd, without ciscking with other TMI and Met Ed officials, ordered 
the transfer to %«gin at 7:10 aim. to reduce the tank's pressure. 
This controlled release allowed radioactive material to escape into 
the auxiliary bwilding and then into the air outside. Thirty-four 
minutes later, Floyd requested a helicopter be sent to take radiation 
measurements. The chopper reported readings of 1,000 millirems per 
hour at 7:56 a.m. and 1,200 millirems per hour at 8:01 a.m., 130 feet 
above the THI-2 vent stack.81/ ; ) 
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At NRC headquarters, Lake Barrett, a section leader in the ) 
environmental evaluation branch, was concerned: about the waste gas 
decay tank level. The previous evening, he bred helped calculate "a 
hypothetical relcase rate" for the radiation that would escape if 
the tank's relief valves opened. Shortly before 9:00 a.m., Barrett 
was told of a report from Thrse Mile Island that the waste gas decay 
tanks had filled. He was asked to brief senior NRC stzff officials 
on the significance of this. The group included Lee Gossick, executive 


_@irector for operations; John Davis, then acting director of Inspectica 


and Enforcement; Harold Denton, director of Nuclear Reactor Regulation; 

Victor Stello, Jr., then director of the Office of Operating Reactorz; 

and Harold Collins, assistant director for emergency preparedness in 

the Office of State Frogreans. During the briefing, Barrett was 

asked what the release rate would mean in terns of an off-site dose. 

He did a quick calculation and came up with a figure, 1,200 mnilliress 

per hour eat ground level. Almost at that moment, someone in the 

feoom reported a reading of 1,200 millirems per hour hed been detected 

at Three Nile Island. By coincidence, the receding from THI was 

identical to the number calculated by Barrett. “It was the exact 

$ame number, and it was within maybe 10 or 15 seconds from my first 

1,200 millirens per hour prediction,” Barrett told the Conaissicn.82/ 
The result wes instant concern among the NRC officials; “an 

@tmesphcre of significant apprehension," as Collins deseribed it in 

his testimony. Communications between the NRC headquarters and 

Whree Hile Islend had been less then satisfactory from the beginning. 

“YT think there was uncertainty in the cperations center as to preciscly 

What was going on at the facility and the question was being raised 

fin the minds of wany as to whether or not those people up there 

would do the right thing at the right time, if it had to be done,” 

Tollins testified. NRC officials proeseded without confirming the 


_weading and without mmowing whether the 1,200 milliren per hour 


weading was onu- or off-site, whether it was taken at ground level or 
$rom a helicopter, or what its source was. They would later learn 
that the radiation relezsed did not come from the waste gas decay}. 
tanks. The report that these tanks had filled was in error.83/ © 


_ After somes discussion, Harold Denton directed Collins to notiiy 
Pennsylvania authorities that senior NRC officials recomnended the 
Governor order an evacuation. Collins telephoned Oran Henderson, 
@irector of the Pennsylvania Emergency Management Agency, and, 


' @pparently selecting the distance on his own, recommended an evacuztion 


wf people as far as 10 miles downwind from Three Mile Island. 
Menderson telephoned Lieutenant Governor Scranton, who promised to 
eall the Governor. A Henderson aide also notified Thomas Gerusky, 
@irector of the Bureau of Radiation Protection, of the evacuation 
gecomtendation. Gerusky kmew of the 1,200 millirem reading. A 
telephone call to an NRC official at the plant reinforced Gerusky"s 


“belief that an evacuation was unnecessary. He tried to telephone 


Governor Thornburgh, found the lines busy, and went to the Governor's ) 
office to argue personally against an evacuation. 84/ 


- leave the region vithin a S-mile radius of Three Mile Island and to 
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Kevin Molloy, director of emergency preparedness for Dauphin 
County, had received a call from Met Ed's James Floyd at 8:34 a.m., 
@lerting him to the radiation release. Twenty minutes later, the 
Pennsylvania Emergency Management Agency notified Holloy of an 
on-site emergency and an increase in radiation, but Molloy was told 
that no evacuation was needed. Then at 9:25 a.m., Henderson called 
Molloy aud. told him to expect an official evacuation order in 5 
Minutes; the emergency preparedness offices in York end Lancaster 
counties received similar alerts. Molloy began his preparations. 
He notified all fire departments within 10 miles of the stricken 
plant, and broadcast a warning over radio station WHP that an 
evacuation might be called.85/ 


At Three Mile Island, NRC's Charles Gallina was confroated by « 
visibly upset Met Ed employee shortly after Molloy's broadcast. "As 
the best I can remember, he said, 'What the kell are you fellows 
doing? liy wife just beard the NRC recommended evacuation,'" Gallina 
told the Comzission. Gallina checked radiation readings on- and 
offesite and talked with an NRC reecter inspector, who said "thines ° 
were getting better." Then Gallina telephoned NRC officials < 
Region I end at Bethesda headquarters in an attempt “to call back 
that evacuation notice."85/ . 


Shortly after 10:00 a.m., Governor Thorrburgh talked by telephone 
with Joseph Hendrie. The NRC chairmen assured the Governor that no 
evacuation was needed. Still, Hendrie had a suggestion: that 
Thoraoburgh urge everyone within 5 miles downwind of the plant to 
stay indoors for the next half-hour. The Governor agreed and later 
that morning issucd an advisory that cll perscnus within 10 miles of 
the plant stay insid2. During this conversation, Thornburgh asked 
Hendric to send a single expert to Three Mile Island upon when the 
Governor could rely for technical information and advice.87/ 


About an hour later, Thornburgh received a telephone call freu 
President Carter, who had just talked with Hendrie. The President 
‘seid that he would send the expert the Governor wanted. That expert _ - 
would be Harold Denton. The President also promised that a special * 
compugications system would be set up to lizk Three Mile Island, the 
Governor's office, the White Hcuse, and the NRC.88/ 


Thornburgh convened 2 meeting of key aides to discuss conditions — 
at Three Mile Island. During this meeting, at about 11:40 a.m., Hendrie 
again called the Governor. As Gerusky recalls the conversation that 
took place over a speaker phone, the BRC chairman apologized for the 
NRC staff error in recomeending evacuation. Just before the call, 
Emmett Welch, an aide to Gordon Yacleod, had renewed the Secretary 
of Health's recommendation that presnant veren and children under 
age 2 be evacuated. Thormburgh told Hendrie of this. Gerusky : 
recalls this response from Hendrie: “If ay wife were pregnant and I~ . 
had small] children in the area, I would get them out because we 
don't know what is going to happen."S$9/ After the call, Thornburgh 
decided ta recommend that pregnaat women and preschool children ee | 


close all schools within that area. He issued his advisory shortly 
after 12:30 p.a. ae 
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Thornburgh was conscious throughout the accident that an eva- 
cuation might be necessary, and this weighed upon him. He later 
. shared some of his concerns in testimony before the Comnission: / 
® There are known risks, I was told, in an evacuation. The 
movesient qf elderly persons, people in intensive care units, 
babies in incubators, the simple traffic on the highways that 
results from even the best of an orderly evacuation, are going 
to exert a toll in lives and injuries. Moreover, this type of 
evacuation had never been carried out before on the face of 
this carth, and it is an evacuation that was quite different 
in kind and quality than one undertaken in time of flood or 
hurricane or tornado. .. . When you talk about evacuating 
people within a S-mile radius of the site of a nuclear reactor, 
you gust recognize that that will have l0-mnile consequences, 
20-mile consequences, 100-nile cousequences, as we heard 
during the course of this event. This is to say, it is an 
event that people are not able to see, to hear, to taste, to . 
smell. . . .90/ : se 


-0-0-0- 


Relations between reporters and Met Ed officials had deteriorated 
over several days. Many reporters suspected the company of providing 
them with erroneous information at best,’ or of outright lying. When 
Joba Herbein arrived at 11:00 a.m. Friday to brief reporters gathered 
at the American Legion Hall in Middletown, the situation worsened. 

The press corps knew that the radioactivity released earlier had 
@ : been reported at 1,206 millirems per hour; Herbein did not.- He 
opened his remarks by stzting that the release had been measured at 
around 3060 to 350 millirezs per hour by an aircraft flying over the : 
Island. The questicu-end-answer period that followed focused on the = 
radiation reading -- "I hada't heard the number 1,200," Herbein 
protested during the news conference =~ whether the release was 
-_ €ontrolled or uncontrelled, and the previois dumping of radioactive 
ot... Wastewater. At one point Herbein said, "I don't know why we need to 
ges tell you each and every thing that we do specifically. .. soy 
It was that remark that essenticlly eliminated any credibility 
Herbein and Met Ed had left with the press .92/ 


The next day, Jack Watson, a senior White House aide, would 
‘telephone Herman Dieckarp, president of Met Ed's parent company, to 
express his concern that the many conflicting statements about TMI-2 
reported by the news mediz were increasing public anxiety. Watson 
would suggest that Denton alone brief reporters on the technical 
aspects of the accidewr and Dieckamp’ would agree.93/ 


-0-0-0- 


Py tea See The radiation release, Molloy's announcement of a probable 
“@vacuation, and finally the Governor's advisory brought concern and 
even fear to many residents. _ Some people had already left, quietly ) 

8 @¥acuating on their own; others now departed. "On March 29 of this 
@ => year, my wife and I joyously brought home our second daughter from See 
~~ Che hospital; she was just 6 days old," V.T. Smith told the Commission. 
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“On the morning of the 30th, all hell broke loose and we left for 
Delaware to stay with relatives."94/ By Saturday evening, a Goldsboro 
councilman estimated 90 percent of his community's residents had 


left.95/ 


Schools closed after the Governor's advisory. Pennsylvania 
State University called off classes for a week at its Middletown 
campus. Friday afternoon, " ... still having heard nothing from 
Three Mile Island," Harrisburg Mayor Paul Doutrich drove with his 
deputy public works director to the TMI Observation Center overlooking 
the nuclear facility. There they talked for an hour with Met Ed 
President Creitz and Vice President Herbein. "Oddly enough, one of 
the things that impressed me the most end gave me the most feeling 
of confidence that things were all tight was that everybody in that 
area, all the employees, the president and so forth, were walking 
around in their shirt sleeves, bare-headed," Doutrich told the 
Commission. "I saw not one indication of nuclear protection."96/ : 


Friday, Saturday, and Sunday were hectic days in the emergency 
preparedness offices of the counties close to Three Mile Island. 
Officizls labored first to prepare l0-mile evacuation plans and then 
ones covering areas out to 20 riles from the plant. The Pennsylvania 
Emergency Management Agency recomended Friday morning that l0-aile 
plans be readicd. The three counties closest to the nuclear plant . 
already had plans to evacuate their residents -- a total of about 
25,000 livins within 5 miles of the Island. A l0-mile evacuation 
had never been contemplated. For Kevin Molloy in Dauphin County, 
extending the evacuation zone meant the involvement of several hos- 
pitals -- something ke had not confronted earlier. There were no 
hospitals within 5 miles. Late Friday night, PEMA told county 
officials to develep 20-mile plens. Suddenly, six counties were 
involved in planning for the evecuation of 650,000 people, 13 hospi- 
tals, and a prison.97/ . 


Friday was also the day the nuclear industry became deeply in- 
volved in the accident. After the radiation release that morning, 
GPU President Dieckarm set about assenbling en industry tean to 
advise him in canaging the emergency. Dieckamp and an aide talked 
with industry leaders around the country, outlining the skills and 
knowledge needed at THI-2. By late Saturday afternoon, the first 
members of the Industry Advisory Group had arrived. They met with. 
Dieckamp, identified the tasks that needed immediate attention, and 
decided vho would work on each.98/ ; 


-0-0-0- 


Harold Denton arrived on site about 2:00 p.m. Friday, bringing 
with him a cadre of a dozen or so experts from NRC headquarters. 
Earlier in the day, NRC had learmed of the hydrogen burn or explosion 
that flashed through the containmenc building Wednesday afternoon. 
_ The NRC staff already knew that some form of gas bubble existed 
within the reactor system. Now it became obvious that the bubble, . 
an estimated 1,000 cubic feet of gases, contained hydrogen. And as se 
Denton would later recall in his deposition, the question arose _ ous 
whether there was a potential for a hydrogen explosion. Throughout 


123 


account OF THE ACCIDENT 


Friday, Dentoo operated on estimates provided bim before he left 
Bethesda, which indicated thar the pubble could not self-ignite for 
5 to 8 dzys- Denton focused his jmrediate attention of finding ways 


to eliminat® che pubble.99/ ‘ 

At about 8:30 p-m- Friday, Deaton briefed Governor Thornburgh 
in person for the first time. Fuel damage was extensive; the pubble 
posed a problem jn cooliag the core; 5° jmmediatée evacuation Was 
necessary,» Dentoo said. Theo the two men held their first joint 
press conference: The Governor reiterated that no evacuatioa was 


that pregazant women and preschool children remain more then 5 miles 


-0-0-0- ~~ 


Shortly after 4:00 p-B-» Jack Watson, President Carter's assistant 
for intergovernmental affairs, called Jay Valdman, Governor Thoraburga' s 
executive assistant. The two disagret about the gubstzace of that 


Pa 


call. In 2a intervied with the Comission staif, Yaldman gai 


Watson asked that the Governor not request President Carter to 
 @ecsare 4 state of emergency OF disaster: : 


He said thet it was their pelict that that would gouerate 
* ynnecess32ty panic, that the mere statement that the President 
has declared: this area 2B emergency and gis2ster ares vould 


“¥ 


would get 4£ there had been ¢ declaration: J told kim that I. 
-yould have to have his word of that, aa absolute assurances 
and that if that were true, I yould go %° the Governor with 
bis request that we not formally ask for 2 declaration. 10L/ 


Watson and his assistant, Eugene Eidenbergs poth gaid in cheix 
Commission depositions rhat the White House never asked Goveraor 
Thoraburga not to request such 2 declaration. 102/ Whatever Was said 
jn -that Friday conversation, the Governor made 10 request to the 
President for aa emergency declaration. State officials later 
expressed gatisfactioa with the assistance provided by the federal 
government during the accident and immediately after. They were 
less satisfied, however, in August with the degree of assistance an 
cooperation they were receiving from federal agencies. 103/ 


-0-0-0- 


officials of the U.S. Department of Health, Education, and 

Welfare (HEW) had become concerned about the possible reless® of 

radioactive jedine at Three Mile Island and hegaa Friday to search 

for potassium iodide -7 4 drug capable of preventing radioactive 

_ fodine from Lodging in the thyroid. The thyroid absorbs potassium 
iodide to 3 level where the gland can hold no more. Thus, it 3 
persoa is exposed 6° radioactive iodine after receiving 3 sufficient 

muantity of potassiun iodide, the thyroid is saturated aad cannot 
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absorb the additional iodine with its potentially damaging radiation. 
At the time of the TMI-2 accident, however, no pharmaceutical or 
chemical company was marketing medical-grade potassium iodide in the 
quantities needed.104/ 7 3 ‘ 


Saturday morning, shortly after 3:00 a.m., the Mallinckrodt 
Checiczl Cowpany agreed to provide HEW with approximately a quarter 
million one-ounce bottles of the drug. Mallinckrodt in St. Louis, 
working with Parke-Davis in Detroit and a bottle-dropper manufacturer 
in New Jersey, began an around-the-clock effort. The first shipment 
of potassium iodide reached Harrisburg about 1:30 a.m. Sunday. By 
the time the last shipment arrived on Wednesday, April 4, the supply 
totalled 237,013 bottles.105/ 
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The great concera about a potential hydrogen explosion inside 
the Tiil-2 reactor came with the weekesd. That it was a groundless 
fear, an unfortunete error, never penetrated the public conscicuszess 


afterward, partly because the NRC made no effort to inform the 
public it had erred.106/ 


2 


Around $:30 p.m. Friday night, the NRC chaizman asked Roger Mattson 


“ to explore the rate at which oxygen was being generated inside the 
g 


S 


TMI-2 reactor system and the risk of a hydrogen ‘explosion. "He said 


"he had done calculations," Mattson said in*his deposition. "He was 


concerned with the amswers."107/ Mattson is director of the Division | 
of Systems Safety within the Office of Nuclear Reactor Regulation 
(NKR), which is headed by Dénton, and had spent part of Thursday and 
Fridzy working on how to remove a gas bubble from the reactor. 

Following Dentor.'s departure for THI, Mattson served variously as 

NRR‘s representative or deputy representative at the Incident Response 


; Center. 


Hydrogen had been produced in the reactor as a result of a 


'- high-temperature teactiion that occurred between hot steam and the ee 


zirconium cladding cf the fuel rods. For this hydrogen to explode 
or burn -~ a less dammerous possibility -~ enough oxygen would have 
to eater the system to form.an explosive mixture. There were fears 
this would happen as the result of radiolysis. In this process, 


_ ¥adiation breaks apart water molecules, which contain hydrogen and 
. oxygen. | ; 


Two NRC teams worked throughout the weekend on the problem, and 
both sought help from laboratories and scientists outside the NRC. 
One group addressed the rate at which radiolysis would generate 
oxygen at TMI-2. The second analyzed the potential for hydrogen 
combustion. Robert Budnitz of the NRC also asked experts about 
possible chemicals that might renove the hydrogen. 


At noon, Hendrie talked by telephone with Denton and expressed ) 
his concern that oxygen freed by radiolysis was building up in the ; 
reactor. Earlier, Hendrie had told Victor Stello, Jr., Denton's 
second-in-command at TMI, the same thing. The NRC chairman told 
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‘Denton that Governor Thornburgh should. be made aware of the potential 


danger. Denton pronised to speak with Thornburgh. 


Shortly after 1:00 p.m., Mattson got some preliminary answers: 
regarding the potential for a hydrogen explosion. An hour later, 
Mattson got more replies. “'I had an estimate there was oxygen being 
generated, from four independent sources, all with knowa crédentials 
in this field," he said in his deposition. "The estimate of how 
much oxygen varied, but all estimates said there was considerable 
time, a matter of several days, before there was a potential combustible 
mixture in the reactor coolant system. "108/ 


At a Commission hearing, Mattson later admitted in response to 
questions from Commissioner Pipford that the NRC could have determined 
from the information available at that time that no excess oxygen 
was being generated and there was no real danger of explosion.109/ 

But when Mattson met with the NRC Corsnissioners at 3:27 p.m. on 
Saturday, "the bottom line of that coaversation . .'. was there were 
several days required to reach the flamnability limit, although 

there was oxygen being generated," Mattson recelled in his deposition. 
“And I expressed confidence that we were not underestinating the 


" reactor ccolant system explosica potential; that is, the estimate of 


2 to 3 days before reaching the flammability limit was a conservative 
estimate." By Scturday nicht, however, Mattson would be told by his : 
consultants that their calculations indicated that the oxygen percentage © 
of the bubble was om the threshold of the flamnability limit.110/ 


Around 6:43 p.m., Mattson talked with Vincent Noonan, the man 
Within ERC most knowledgezhle about what Gight result from an exple- 
Bion inside 2 reector. One ERC consultant had predicted that a 
hydrogen blast vould produce pressures of 20,000 pounds per square 


aimch within the TME-2 reactor. B&W, designer of the reactor, however 
e o ? s 


had considered the dampening effects of water vapor on an explosion 


_ and those of an enriched hydrogen environment and calculated a total 


pressure of 3,000 te 4,006 psi. That was encouraging. Previous 
amalyses indiczted the reactor coolant System of a TMI-2 reactor 
could withstand blast pressuxes of that magnitude. 


. Late Saturday evening, James Taylor of B&W reiterated another 
B&W engincer's conclusion first relayed to the NRC Thursday night -- 
that no excess oxygen was being generated. That information, Mattson 
stated in his depcsition, mever reached him.1l11/ ike Ste 


Saturday at 2:45 p.m., Hendrie met with reporters in Bethesda. 
He said then that a precautionary evacuation out to 10 or 20 niles 
from the Island might be necessary if engineers attempted to force 
the bubble out of the reactor. NRC nad concluded such an attempt 
might cause-further damage to the core, Hendrie said, and it might 
touch off an explosion of the bubble. 


Stan Benjamin, a reporter with the Washington bureau of the oe 
Associated Press, followed up Hendrie's press conference by inter- oe 
viewing two NRC officials: Edson Case, Denton's deputy in the , 
Office of Nuclear Reactor Regulation, and Frank Ingram, a public 
information spokesman. From them, and an NRC source he refused to 
name, Benjamin learned of the concerm within the Incident Response 129 


i: ead 


HEW's sdvice.114/ 
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Center that the bubble could become a potentially explosive mixture 


' within a matter of days, perhzps as few as two. ‘ Benjamin checked 


his story with Case znd Ingram, reading much of it to them word a 
word, before releas sing the article. Case and Ingram agreed it wa 
accurate. The report -- first transmitted. as an editor's note se 

8:23 p.m. -- was the first notice to the public that some NRC officials 
feared the bubble might possibly explode spontaneously.112/ 


Denton had been briefed throughout Saturday afternoon and 
evening by Hendrie and NRC officials in Bethesda on the oxygen 
estimates and the potential for a burm or explosion. But he learned 
of the AP story only a short time before he joined Governor Thornburgh 
and Licutenznt Governor Scranton for a late evening press conference 
in Harrisburg. The Governor assured reporters that “there is no 
imminent catastrophic event foresecable at the Three Nile Islaud 
facility." Denton, too, said: “There is uot a combustible mixture 
in the contaimcent or in the reactor vessel. And there is no near-term 
danger at all." Denton also tried to deflate the impression, voiced 
by several reporters, that contradictions existed between hinself 
and his colleagues at NRC headquzrters. "No, there is no disasrecrnant. 
IT guess it is the way things gct presented," ha said.113/ 


But there was disegreement, and Denton wented it resolved. 


‘President Carter had announced earlier in-the evening he would visit 


THI the following day. Denton told Stello to explore the oxygen“hydrogeu 
issue further with outside experts. Stello realized the concern in 
Washington. He had received a telephone call shortly after 9:00 

p.m. fren Eugene Eidenbers, a Presidential aide, inquiring about the 

AP story. Stelle told the White House that he did net share the 

concern felt at NRC headquarters. 


-0-0-0- 


Saturdzy, as the NRC wrestled with managing the accident and 
the envisioned danger of the hydrogen bubble, officials of the 
Department of Health, Educaticn, and Welfare struggled with their *_ 
own concerns. That morning, senior HEW health officiais gathered ~ 
and continucd the previous dey's discussion of the possibility of an 
evacuation; for the first time, they debated how large an area 


+ should be evacuated. But the discussions ked ultimately to a 


recommendation to consider immediate evacuation if the NRC could not 
provide assurances that the reactor was cooling safely. Joseph Califano, 
HEW Secretary, sumuarized the group's Views in a memorandum to 

Jack Watson of the President! s staff. J 


Later in the day, HEW health officials attended an interagency 
meeting at the White House, convened by Watson, and repeated the HEW 
recommendation to consider evacuation. Richard Cotton, a key Califano 
aide, raised another Califano recommendation that NRC officials 


- Consult with HEW and Environmental Protection Agency experts regarding 


the potential health effects of the efforts to control THI-2's 
reactor. Cotton persisted after the meeting, and on Sunday and 
Tuesday HEW officials were briefed by the NRC. These briefings, 
however, were always informational; Phere was no NRC effort to seek 
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Throughout Saturday right and the early hours of Sunday, covaty 
emergency preperedness offices were deluged with telephone calls 
from citizczs concerned by the conflicting reports about the hydrogen 
bubble. But the flow of useful information from the state to the 
Lscal level had essentially ceased after Denton's éxrival. The 
Gevernor's office focused attention cn the federal effort -- Denton 
and officials from sever2l‘U.s. emergency agencies. Oren Henderson, 
airector of the Pennsylvania Emergency Management: Agency, was no 
‘honger invited to the Governor's briefings and press conferences, 
wand he did act attend after Friday night. Thus PEMA -- although it 
‘tantinued to receive status reports fron the Buzeau of Radiation 
‘Drotection ~- was isolated frem information wanted at the local 
“revel. 


een 


bed 


-In Dauphin Cowaty, frustration ran high. Shortly before midnight 
an Saturday, State Sen. George Gekas called the Governor in an 
@itempt to obtain accurste information. Gekas was told the Governor ee 
mes Coo busy to talk. Then Gekas called Scranton, and got the same « ae 
wwesponsc. At that point, Gekas told a Scranton aide that unless om 
wore cocperation and information were forthcoming, Daupbin County 

world order an evaczation at 9:00 a.n. Sundzy. Secrznton celled the 
co" gtomaty's emergency center 2t 2:00 a.m. and agreed to meet officisls oe 
‘@here later in the morning. The Lieutenant Governor arrived at es cartes 
0:00 a.n., preceded by Henderson, who complained of his own inability , 
®o obtain information. Scranton listened to Molloy and his colleagues. 
“I think he was just totally shocked by what was transpiring at our 
--  dkevel; how busy we were; how such work we ware doing; how conplicated 
' ©t was," Molloy said in his deposition.115/ ; 


-0-0-0- 


Sunday, Mattson and several other NRC staffers met with NRC 
Comaissioners Hendrie, Victor Gilinsky, and Richard Kennedy. Their 
purpose was to reach a judgment, based on the estimates and information 
available, about the true potential for a hydrogen explosion inside 
the reactor. According to Mattson's deposition, the group sgreed: 
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President Jioay Carter touring the THI-2 control room with (1 to 
r) Harold Denton, Governor Thornburgh, and James Floyd, supervisor 
of TMI-2 operations, on April l. - 
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; §& percent oxygen was a realistic flammability limit, 11 percent 
@ oxygen Was a realistic detonation limit, that there could be 
: no Spontaneous combustion below 900°F, that the oxygen production 
rate was approximately one percent per day, and that the 
Present oxygen concentration in the bubble was 5 percent.116/ 


After the meeting, Hendrie and Mattson drove tp TMI to meet with 
Denton. 


Stello talked with Denton Sunday morning and outlined his 
arguments against any danger of 2 hydrogen explosion inside the 
reactor, Pressurized water reactors, the type used at THI-2, normally 
operate with some free hydrogen in the reactor ccolant. This hydrogen 
joins with the oxygen freed by radiolysis to form another water 
molecule, which prevents the build-up of oxygen to a quantity that 
would allow en explosion to take place, Stello told Denton that the 
process was the same now, end there was no danger of explosion, 

Hendrie and Mattson met with Denton and Stello in a hanger at 
HMerrisburg Internztional Airport minutes before President Carter's 
1:00 p.m. arrival, Mattson and Stello hed not talked to cach other 
Since Friday morning. Mattson outlined the conclusions reached at 
NRC headqvarters about the bubble and the reasoning behind them. In 

‘an interview with the Comnission staff, Mattson described what 
bappened next: 


@ And Stello tells me I am crazy, that he doesn't believe it, 
that he thinks we've sade an error in the rate of calculation 

« + « « Stello says we're nuts and poor Harold is there, he's 

got to meet with the President in 5 minutes and tell it like a 

it is. And here he is. His two experts are not together. ; 

One comes armed to the teeth with all these national laboratories 

and Navy reactor people ard high faluting PhDs around the 

country, saying this is what it is and this is his best summary. 

And his other [the operating reactors division] director, 

saying, "I don't believe it. I can't prove it yet, but I 

don't believe it. I think it's wrong."117/ ‘ 


Rn Sepa 


ae Upon the President's arrival, Denton briefed the Chief Executive 
on the status of the plant and the uncertainty regarding its infamous 
bubble. 


The President was driven to TMI, put on protective yellow 
plestic shoecovers, and toured the facility with Mrs. Carter, Governor 
~ Thornburgh, and Denton, Stello, Rendrie, and Mattson went to the 
temporary NRC offices. During the afternoon, experts -- including 
those at Westinghouse snd General Electric <= were canvassed by 
phone. "By -three o'clock, we're convinced we've got it," Mattson 
said in his interview. "It's not going to go boom."113/ 


NRC scientists in Bethesda eventually reached the same conclu- 
@ sion, but later in the day. Shortly before 4:00: p.m., NRC Commis- 
, Sioners Richard. Kennedy, Peter Bradford, and John Ahearne met. They 
expressed concern over the differing estimates presented by the NRC 
staff and decided there might be a need to consider evacuation. x 
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‘Kennedy telephoned Hendrie at TMI_and told him the three NRC 


‘Commissioners thought Governor Thornburgh should advise a precautionary 


evacuation within 2 miles of the plant, unless experts on-site had 
better technical information than that available in Bethesda.119/ 

Hendrie assured Kennedy. that the free hydrogen inside the reactor 

would capture any oxygen generated and that no problem existed. 


. In midafternoor, new measurements showed the large bubble in 
the reactor was diminishing. The gases still existed, but they were 
distributed throughout the system in smaller bubbles that made 
eliminating the predominantly hydrogen mixtures easier. Why this 
occurred, no one knows. But it was not because of any intentional 
manipulation by Met Ed or NRC engineers. 


By late Sunday afternoon, NRC -- which was responsible for the 
concern thar the bubble might explode -- knew there was no danger of 
a blast and that the bubble appesred tc be diminishing. It was good 
news, but good news unshared with the public. Throughout Sunday, 
the NRC made no announcemsnt that it had erred in its calculations 
or thet no threat of an explosion existed. Governor Thornburgh was 
mot told of the NRC miscalculation either. Nor did the NRC reveal 
the bubble wos diseppearing that day, partly because the NRC experts 
themselves were not absolutely certain. 
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; The accident at Threc Mile Island did not end with the breaking 
up of the bubble, nor did the threat to the health and safety of the 
workers and the community suddenly disappéar. A small bubble re~ 
mained, gases still existed within TMI-2's cooling water, and the 
reactor itself was bedly damaged. Periodic releases of low-level 
_ vadiation continued, acd some feared a major release of radioactive 
iodine-131 might yet occur. Schocls remained closed. The Governer's 
recormendztion that pregnant women and preschool children stay more | 
than 5 wiles from the plant continued. ‘ 
Saturdzy, March 31, the Department of He2lth, Education, and 
Welfare had arrenged for the rapid manufacture of nearly a quarter 
million bottles of potassium iodide.122/ That seze day, the 
Beonsylvenia Bureau of Rediation Protection -- which had originally 
gecepted HEW's offer to obtain the drug -- transferred responsibility 
fer handling the radioactive icdine blocker to the state's Department 
wf Health. Gordon MacLeod, whe headed the health department, put the 
@rug shipments in.a warehouse as they began arriving Sunday. During 
“ike weekend, Thomas Gerusky, director of the Bureau of Radiation 
Protection, requested that his people at THI be issued potassium es 
fiedide; Gerusky wanted RRP persornel to have the thyroid-blocking 
agent available should a release of radioactive iodine occur. 
“"- HaeLeod refused. He argued that if the public learned that any of 
- the drug had been issued, a demand for its public distribution would 
wesult. 


MacLeod had the backing of the Governor's office end Harold 
Benton in his decision not to issue the potassium-iedide. The deci~ 
‘gion did not find agreement in Washington, however. On Monday, Jack 
Watson asked HEW to prepare recommendations for the drug's distribu~ 
tion and use. These were developed by a group headed by Donald 
Frederickson, director of the National Institutes of Health. The 
recommendation included: advinistering potassium iodide immediately 
to all workers on the Island; providing the drug to all people who 
would have less than 30 ainutes' warning of a radioactive iodine 
release (roughly those within 10 miles of the plant); and that local 
authorities assess these recommendations im light of their first-hand 
knowledge of the situation. 
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Governor Thornburgh received the recommendations in a White 
House letter on Tuesday, although some Pennsylvania officials had > 
_ learned of them Monday. MacLeod strongly opposed distributing the 
-" drug to the public. Among his reasons: radioiodine levels were far 
below what was indicated for protective action, and the likelihood 
of a high-level release from THI-2 was diminishing; distributing the 
drug would increase public anxiety and people might take it without 
being told to do so; and the possibility of adverse side-effects 
presented a potential public health problem in itself. MacLeod chose 
not to accept the federal recommendations. The potassium iodide 
remained in a warehouse under armed guard throughout the emergency. 
In midsummer, the FDA moved the drug to Little Rock, Arkansas, for 
storage. 


-0-0-0- 


Tuesday, April 3, General Public Utilities, Met Ed's parent 
company, established its TMI-2 recovery organization to oversee and 
direct the long process of cleaning up THI-2. Robert Arnold, a vice 
president of another subsidiary, the GPU Service Corporation, was 
named to head the recovery opcration.123/ 


Wednesday, April 4, schools outside the 5-mile area. surrounding 
TMI reopened. All curfews were lifted. But schools within 5 miles 
of the Island remained closed and the Governor's advisory remained 
in effect for pregnant women and preschool children. 


Some sense of normalcy was gradually returning to the Til area. 
~=~" Gevernor Thoraburgh asked Dentow repeatedly if the advisory could be 
-~~Lifted, allowing pregnant women and preschool children to return 
“-~ home. But the NRC wanted some specific event as a symbol to announce 

the crisis had ended. At first, the-NRC looked to reaching "cold 
shutdown" -- the point at which the temperature of TNI-2's reactor 
/ “eoolant -fell below the. boiling point of water. When it became 
obvious that cold shutdown was days away, agreement was reached 
between Pennsylvania's Bureau of Radiation Protection and the NRC on 
ending the advisory. On Saturday, April 7, Kevin Molloy, at the 
request of the Governcr's office, read a press relezse announcing 
coy... the closing of the evacuation shelter at the Nexrshey Park Arena. 
~ ~Not until 2 days later, however, did Governor Thornburgh officially 
~" withdraw the advisory.124/ eae sa Soe. panes, ate dee 


ew es ee mee wt om, aes 


0-0-0= 
Tee The accident st THI did not end-with cold shutdown, nor will it 

~=-"~end for some time. “More than a million gallons of radioactive water 
“*~— +emain inside the containment building or stored in auxiliary building 


=~ several_years td complete.125/ ~~ 
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THI personnel cleaning up the contaminated auxiliary building. 
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ACCQUNT OF THE ACCIDENT . 


The initial cleanup began in April. Using a system called 
EPICOR-I, Net Ed began decontzminating pre-accident water stored in 
the THI- l auxiliary building, which contains low levels of 
radioactivity (less than one microcurie per milliliter). Efforts to 
decontaminate the TMI-2 diesel generation building began in April 
and work cn the auxiliary and fuel handling buildings got under way 
in May. This involves mostly dry and wet vacuuming, mopping, and 
wiping of radioactive areas to remove the contamination -- a task 
that requires special clothing and respirators to protect workers. 

The accident and its subseqvent cleanup already have produced a 
variety of solid, slightly radioactive wastes, such as clothing, 
rags, ion-exchange resins, swipes, and contaminated air filters. To 
date, 12 trucklecds of these wastes have been hauled to Richland, 
Washingtou, and buricd 2t a commercial disposal site. 


But. the more difficult espects of decontehination -- both 
technically and politically -- lie ahead. Met Ed has asked the NRC 
for permissicn to release the krypton-85 in the air of the containment 
building into the atwosphere in controlled bursts. The releases 
would coms over a 2-sonth period to ensuxe that off-site radiation 
does: not exceed the NRC's limits for routine operation of a nuclear 
power plant. . 

Much of the contaminated water left from the accident -- some 
600,000 gzellons pooled in the containment building and about 90,000 
gallons in the reactor coolant system -~- contains high levels of 
radieazctivity (in excess of 100 microcuries per milliliter). Met £d 
had stored 380,000 eelleus of water containing intermediate levels 
of radissctivity (1 to 169 microcuries per milliliter) in several ag ee 
TMI~2 auxiliary building tanks. Over the summer, the utility installed 
a system called EPICOR-II to treat this water. NRC approved its 
use, provided that the resins used to remove radioactive materials 
from the water were solidified before shipment from the Island to a 
disposal site. Met Ed began decontaminating the intermediate water 
in mid-‘Aetober. 


Until radioactive gases are removed from the containment building, 
no tuman entry into the sealed structure can be made. Meanwhile, 
detailed plans for entry and assessing conditions inside the buildin 
are being developed. Bexause no one knows the exact condition of 
the reactor vessel or its core, no detailed plans have been made for Bt taser 
handling and removing its damaged core. 


Thus, the accident at Three Mile Island, in a very real sense, 
continues and will continue until the years-long cleanup of THI-2 is 
completed. Workers will receive additional radiation doses until 
the decontamination process is completed; five workers in late 
August, for example, received doses in excess of the NRC's quarterly 
limits for exposure to the skin or the extremities. And there still 
remains. some risk to the general public that released radiation 
could escape from the Island. 
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1. 


technical staff analysis report on “Pilot-Operated Relief Valve 


FO FOOTNO NOES 


For times cited in narrative, please refer to the “Catalog of 
Events" compiled by the Commission's Techniczl Assessment Task 
Force. This unspublished document is available with the Comnission's 
efficia] records in the Nationsl Archives. 


Oe eeeaitiad 


Commission Eearins, May 19, 1979, po. 24, 27-28. For a discussion 
of the mental hezlth effects of the TMI 2ceident, see "Report of 
the Peheseoree Effects Task Group." : 


General Public Utilitice Corporation, 1978 Annual Report. For a 
full discussion of the Comaission's investigation of CPU and its 
subsidiary, Metropolitan Edison, see "Report of the Office of Chief 


€Counscl on the Role of the Managing Utility and Its Suppliers." 


See history section of “Report of the @ffice of Chief Eounyss on 
the Nuclear Regulatory Commission." 


See “How a Nuclear Reactor Works," a lecture presented by 
Commissioner Thecdore B. Taylor to members of the Comnissica, 

April 26, 19795. ie 
Final Safety Analysis Renort, TMI-2, Vol. A, pp. 4.2-37, 4. 3- 20. 

See also Taylor, supre. 


Finzl Safety Analysis Report, TMI- 2; Vol. 4, op! h. 226, 4.265, 
%.3-19; figures 4.2-4, 4.3-25, 4.2-26; and Vol. 7, p. 7.8-3; figure 
7.8-4. ge eee 


See Taylor, suprs. See also technical staff analysis report: on 
“Alternative Event Sequences." 


Final Safety Analysis Report, TMI-2, Vol. 3, p. 3.8-38. 


See technical staff analysis reports on "Core Daudee, iE "Chemistry, S 
“Thermal Hydraulics," and “Alternative Event Sequences." 


For a complete discussion of the pilot-operated relief valve, see 
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12. 
13. 


14. 


16. 


17. 


19. 


20. 


18... 


Design dnd Performance," and section on PORV failure history in 
"Report of the Office of Chief Counsel on the Role of the Managing 
Utility aud Its Suppliers." See also-discussion of "safety-related" 
items in "Report of the Office of Chicf Counsel on the Nuclear 
Regulatory Comnissioa." 


Commission Hearing, May 30, 1979, pp. 10, 115, 152-153. 


For a full discussion of Metropolitan Edison's and Babcock & 
Wilcox's treatment of problens asscciated with pilot-operated " 
relief valves, see "Report of the Office of Chief Counsel on the 
Role cf the Manzging Utility and Its Suppliers." 


For a discussion on operator training, see technical staff analysis 
report on “Selection, Training, Qualification, and Licensing of 
Three Kile Island Reactor Operating Persosnel.". See also 
technical staff analysis report 07 "Technical Assessment. of 
Operating, Abnormal, end emergency Procedures;" end sections on 
attention to experience, THI-2 site management, and pro.’ Jures in 
“Report of the Office of Chief Counsel on the Role of to: . Managiag 
Utility and Its Suppliezs;" and section on operator training and 
Ticensing ia "Report of the Office of Chief Counsel on the Nuclear 
Regulatory Comission.’ 


Id. 


For a full discussion of the control room, see technical stsa4 
analysis report. on "Control Room Design and Performance." See also 
“Report of the @ffice of Chief Counsel on the Role of the Managing 
Utility and Its Suppliers" for a discussion of the TUI-2 control 
room design history and desicn perfarmance during the accident; end. 
"Report of the Office of Chtef Counsel cn the Nuclear Regulatory 
Commission” on the NRC's consideretion of human factors in tsa: 
review ae plant licensing. 


Commission Fearing, May 30, 1979, p. 168. 


See technical staff amalysis report on “Condensate Polishing Syste. 
See also secticn on attention to experience in "Report of the : 
Office of Chies Counsel om the Role ef the Managing Utility and Its 
Suppliers.” : 

For a discuzsion on operator training, see technical starr analysis 
report on “Sclection, Traiming, Qualification, and Licensing of 


- ‘Three Mile Island Reactor Operating Fersonnel."” See also technical 


staff analysis report on "Technic2l Assessment of Operating, 
Abnormal, and Evergency Procedures;" and sections on attention to 


' expesience, TNI-2 site management, and procedures of “Report of the 
Office of Chief Counsel on the Role of the Managing Utility and Its 


Suppliers; and section on operator training and licensing in "Report 
of the Office of Chief Counsel on the Nuclear Regultory Conmission."™ 


Commission Hearing, May 30, 1979, p. 168. 
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26. 


27. 


28. 


29. 
30. 
31. 
32. 


33. 


34. 


35. 
36. 
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See technical staff analysis report on "Technical Assessment of 
Operating, Abnormal, and Emergency Procedures." See also discussion 
of pressurizer level and "going solid" in procedures section of 
"Report of the Office of Chief Couasel on the Role of the Managing 
Utility and Its Suppliers." 


Comaission Hearing, Mey 30, 1979, p. 194. 


Commission Hearing, May 30, 1979, pp. 114-115; Comission Hearing, 
May 31, 1979, p. 40. 


See technical staff analysis report on "Closed Emergency Feedwater 
Valves." 


See technical. staff.analysis report on “Technical Assessment of 
Operating, Abnormal, and Emergency Procedures." See also discussion 
of emergency procedures. for loss of reactor coolant and fom 
identifying the open pilot-operazted relief valve in procedures 
section of "Report of the Office of Ca#ief Counsel on the Role of 

the Mansging Utility end Its Suppliers." ee 


Comzission Eearing, May 30, 1979, p. 128. 
Commission Hearing, May 30, 1979, pe 129. 


See technical staff analysis report on "Technical Mecsas nt of 
Opereting, Abnormal, and Exergency Procedures." See also discussion 


of emergency procedures for loss of reactor coclant and for 


identifying the open pilot-operated relief valve in procedures 
section of “Report of the Office of Chief Counsel on the Role of 


the Maraging Utility and Its Suppliers." 


Commission Hearing, Mzy 30, 1979, p. 146. 

See unpublished "Catalog of Events.” 

Comission Hearing, Mey 31, 1975, p. 38. . ae 
Commission Hearing, May 30, 1979, p. 187. 

Comnission Hearing, May 30, 1979, p. 161. 

See technical staff analysis reports on "Core Damage," “Thermal 
Hydraulics," and "Chemistry." See also section on Met Ed's 
understanding of core condition on March 28 in "Report of the. 
Office of Chief Counsel on the Role of the Managing Utility and Its 
Suppliers." 

Rogers deposition, pp. 84-85. 


Commission Hearing, May 30, 1979, pp. 119-120. ve ease 


See technical staff analysis reports on "Core Damage™ and "Chemistry." 
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38. 
39. 


40. 


41, 


'. "Report of the Office of Chief Counsel on Emergency Response" for 


Utility and Its Syppliers."- 


- Commission Hearing, Hay 31, 1979, pp. 236-237. 


Fina], Safety Analysis Report,.TMI-2, Vol. 13, p. 13A-3.. 
Cormission Hearing, May 31, 1979, pp. 6-7. 


Prepared testimony of Gary Miller, Comission Hearing, May 31, 
1979: “IMI Station March 28, 1979, Incident Statement by G. P. 
Miller, Station Manager," pp. 3-4. 


NRC Region I answering service log. For a complete discussion of 

the emergency response during the TMI accident, see "Report of the 
Office of Chief Counsel on Esergency Response," which is in the 

form of a chronology. See also "Technical Report on Energency 
Preparedness and Response." For a discussion of Met Ed's management 
of the accidest, see section on Manageucnt approach to the esergency 
of "Report of the Office of Chief Counsel on the Role of the Managing 


~~ 


Dorusifc deposition, p. 20. 
Finzl Sefety Auclysis Report, TMI-2, Vol. 13, p. 13A-4,. 


For a discussion of containment and isolation, see technical staff 
analysis report on "Containment." 


Mattsexs dcposition, pp. 12-14. For a complete discussion of 
"graudfatkerins" and other matters related to plant licensing, sce 
section on plant licensing in “Report of the Office of Chief Counsel 
on the Nuclear Regulatory Commission." 


For a complete discussion on selection of containment isolation 
criteria for. TNI-2, see section on containment isolation criteria 
in "Report of the Office of Chief Counsel on the Role of the ae 
Banaging Utility aud Its Suppliers." at 
See tcclnical staff analysis report on "Containment." 

Coxaission Hearing, Hay 31, 1979, p. 51. 


Consissicn staff notes of Pintek interview, pp. 1-2. 


For a discussion of news media coverage of the THI accident, see 
"Report of the Public's Right to Information Task Force." 


_ Commission Hearing, May 19, 1979, p. 125. 


In addition to unpublished “Catalog of Events," Please refer to ‘ 


times and dates cited. 
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54. 


°$5. 


56. 
57. 


58. 


59. 


60. 


61. 
62. 


~ 64. 


65. 


“66. 
oy: 
68. 
69. ¢ 


_ 70. 


“Governor's ‘log, March 28, -1979, p. 3. 


Ia. _ - - pai a rts 2. a ae 


Commission Hearing, May 19, 1979, p. 15. 
Commission Hearing, kun 2, 1979, pp. 120-183. 
Transcript ef Scranton news conference, March 28, 1979, 10:55 a. m. 


Id. Fora freien, on radiation exposure to the public during 
the accident and its potential health effects, see "Report of the 
Health Physics and Dosimetry Task Group" and "Report of the 
Radiation Health Effects Tack Group." 


Commission Hearing, August 2, 1979, p. 184. See also discussion of 
information sources in "Report of the Public's Right to Information 
Task Force." 


See technical staff enalysis reports on "Thermal Hydraulics," 


" tore 


"Chemistry," and Technical Assessncnt of Operating, Abnormal, and 
Emergency Procedures." See-also discussion of rapid . 
depressurizatica im emergency response secticn of "Report of the 

Office of Cuief Counsel on the Nuclear Regulatory Commission." 


For a discussion of the radiation exposure to workers during the 


accides:%, see "Report of the Health Physics and Dosimetry Task 


Grovp." Far a discussien on NRC requirements for Met Ed's 
provisions for worker protection, see "Report of the Public Health 
and Epidemiology Task Group." - 

Commission Hearing, Mey 31, 1979, p. 57. 

Comnissics Nearing, ‘May 31, 1979, p. S&. 

Rogers deposition, p. 114. < 

Conission oe Mey 31, 1979, P. ar at f° gee 
For a discussion on radiation expostire to the public during the cae. 
accident and its potential health effects, see "Report of the 


Health Physics and Dosizetry Task Group" and "Report of the 
Radiation Health Effects Task Group." a 


Transcript of Scranton nevs conference, March 28, 1979, 4:30 p.m. 


Comission Hearing, tay 19, . 1979, PP- 37, 4 


Dauphin County Office of Eergeacy Pe Preparedness ioe — 29, 


ge? |) | seaman ; ee 


ae 
2. . "Report of the Health Sue oes and eee Task Group. " 


For a discussion of radiatica- monitoring during the accident, see 


~oe ne Ren tee 


~~ 
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72. 


73... 


74, 
75. 


76. 
77. 


78. 


79. 


Comaission Hearing, August 21, 1979, p. 25. 


MacLeod deposition, pp. 21-26. 

Robbins deposition, pp. 35-37. 

MacLeod deposition, pp. 29-36. 

Reilly interview, pp. 92-94; Gallina deposition, pp. 56-57; Smith 
deposition, p. 36; and Gerusky interview, pp. 24-25. Sec also 
“Report of the Public's Right to Information Task Force." 

WRC telephone transcript, Merch 29, 1979, 02-228-CiU6/KD-2-6. 
Peonsylvenia DER news release, Merch 29, 1979. See also "Report of 
the Public's Right to Information Task Force" and "Report of the 


Office of Chief Counsel on Ewuergency Response." 


Higgizs deposition, pp. 42, 45-46; Gallias depositioa, p. 60; 
Critchlow intcrvicw, first and second tape, pp. 15-18. 


Farrett depositien, pp. 39-50. 


Cousission Resring, August 2, 1975, pp. 316. 
Comaiscion Hearing, Kay 31, 1979, pp. 172-181. 
Consiscion Hearing, August 2, 1979, pp. 298~299. 


I¢., pp. 303-316. | 


Collixs deposition, pp. 70-72; Scranton interview, p. 54; Cerusky 


.. Geposition, pp. 53-54; Darnsife deposition, p. 76; NRC telepione 
| transcript, March 30, 1979, 03-019-CH2.20 SW-10. fi, 


Kelloy dcpocition, pp. 48-49; Comnission Hearing, August 2, 1979, — 
pp. 10-11. x *e go te eo Sa - ne 


Commission Hearing, hay 32, 1979, pp. 257-258. 
Shorabursh deposition, p. 77. 7 
Commission Hearing, August 21, 1979; p. 10. 
Gerusky deposition, pp. -64-65, 67. ? 


Transcript of Herbein news conference, March 30, 1979, 11:00 a.m. 


‘See "Report of the Public's Right to Information Task Force." 
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93. 
94.- 
95. 


96. 
97. 


98. 
99. 


Watson deposition, pp. 73-76, .90-91. 
Commission Hearing, Nay 19, 1979, p. 221. 


Commission Hearing, May 19, 1979, p. 38. For a discussion of the 
mental Lealth effects of the TMI accident, see "Report of the 
Behavioral Effects a Group." 


Corzeissior Hearing, May 19, 1979, p. 127. 


Henderson deposition, pp. 71-73; Commission Hecring, August 2, 1979, 
pp. 12-18. For full discussion on emergency planning and response, 
see "Technical Report on Emergency Preparedness and Response," 
“Report of the Public Health and Epidemiology Task Group," "Report of 
the Office of Chief Counsel on Emergency Preparedness," and "Report 
of the Office «cf Chicf Counsel on Emergency Response." For dates end 
times in the following section, refer to the latter report. 


Dieckawp deposition, pp. 129-136. “ 

Denton deposition, pp. 101-102. For a cozglete discussion of thz 
events concerning the hydrogen bubble, sce “Report* of tHe Office wf 
Chief Ccunsel on Emergency Resnonse." See also technical analysis 
of hydrogen production in technical staff analysis od on. 
"Chemistry." 


Knouse intervie, pr. 71-73; transcript of Denton~Theraburga news 
conference, March 30, 1979. 


Waldzan interview, pp. 68-65. 
Watson deposition, pp. 52-57; Pidewars er ae p. 47- 48. 
Commission Hearing, Ausuvst 2, 1979, pp. 194-195. 


For a complete recount of the potassium iodide story, see "Report 


' of the Public Health and Epidemiology Task Group" and "Report of 


the Office ef Chief Counsel on Esergency Response." 


Villforth deposition, pp. 33-55; "Chronolozy of Events at HEW 
Regarding Tiff, 3/28/79 through 4/30/7S." 


For 2 complete discussion of the events concerning the hydrogen 
bubble, see "Report of the Office of Chief Counsel on Emergency 
Response.” See also technical analysis of hydrogen production in: 
technical staff analysis report an "Chemistry." 

parrscs deposition, p. 184. ae a ae 
14: 9 pe 186. 


. 


Commission Hearing, August 22, 1979, pp. 294-296. See also Mattson” 
Sepesition; PP. 178-180. : 


ACCOUNT OF THE ACCIDENT 


‘lio. 
111. 
112. 


113. 


114: 


115. 


Mattson deposition, p. 179. 
Id., pp. 190-191. 


For a full dist¢ussion on this incident, see "Report of the Public's 
Right to Information Task Force." 


Transcript of Denton-Thornbursh news conference, March 31, 1979, 
Part 1, p. 3. 


For a more detailed discussion of HEW's activities during the 
accident, see “Report of the Office of Chief Counsel. on Emergency 
Response" and "Report of the Public Health and Epidemiclogy Task 
Group." ‘. 


Nolloy deposition, pp. 81-100.- See also Commission Hearing, 


_ August 2, 1979, p. 16. 


116. 
117. 


- 118. 


119. 


120. 


721. 


122. 


4993, 


- 126, 


125. 


= 


Mattson deposition, p. 192. 

Mattson interview, cassette 16, parts 5 and G, pp. 34-35. 

id., cassette v7, parts 7 and 8, p. 4. ‘ 

For a discussion on the NRC commissioners and their role in the 


management of the agency and during the emergency,’ see "Revort of 
the Office of Chief Counsel on the Nuclear Regulatory Commission." 


Traascript of Denton news conference, April 2, 1979. For a 
discussion of ERC public statements on the hydrogen bubble problens, 
see “Report of the Public's Right to Information Task Force." 


Mattson interview, cassette 17, parts 7 and 8, p. 7. See also 
"Report of the Public's Right tc Information Task Force." 


For a complete recovrt of the potzssium iodide story, see "Report 
of the Public Health and Epidemiology Task Group" and "Report of ~ 
the Office of Chief Counsel on Emergency Response." 


For discussion of Met Ed's recovery efforts, see section on THI-2 
recovery program in "Report of the Office of Chief Counsel on the 
Role of the Managing Utility and Its Suppliers” and technical staff 
analysis report on "Recovery." : 


Molloy deposition, pp. 115-117. See also "Report of the Office of 
Chief Counsel on Emergency Response" and "Technical Staff Report oa 


Emergency Preparedness and Response." 


For a discussion of TMI-2's recovery rogram, see technical staff 
Pp 


‘analysis report on "Recovery" and the TMI-2 recovery program section . 


of “Report of the Office of Chief Counsel on the Role of the Managing 
Utility and Its Suppliers." . : 
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. PRESIDENT'S COMMISSION ON THE ACCIDENT AT . 
THREE MILE ISLAND 


. 


By the authority vested in me as President by the Constitution of 
the United States of America, and in order to provide, in accordance 
with the provisions of the Federal Advisory Committee Act (5°U.s.C. 
App. 1), an independent forum to investigate and explain the recent 
accident at the nuclear power facility st Three Mile Island in 
Pennsylvania, it is heerby ordered as follows: ‘ 


i-l. Establishment. | 


1-101. There is established the President's Commission on the 
Accident at Three Mile Island. _ 


1-102. The membership of the Cornission shall be composed of not 
more than twelve persons appointed by the President from among citizens 
-who are not full time officers or employees in the Executive Branch. 
The President shall designate a Chairmen from among the members of the 
Comaissicn. “st: 


1-201. -The Comaission shall conduct a comprehensive study and 
investigation of the recent accident involving the nuclear power facility - 
on Three Mile Island in Pennsylvania. The study and investigation shall 
include: ? 


(a) a technical assessment of the events and their causes; 
(>) an analysis of the role of the managing utility; 
(c) an assessment of the emergency preparedness and response of 


the Nuclear Regulatory Commission and other.Federal, state and local 
authorities; . 
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(d) an evaluation -of the Nuclear Regulatory Commission's 
licensing, inspection, operation and enforcement procedures: as applied 
to this facility; 


(e) an assessment of how the public's. right.to information 
concerning the events at Three Mile Island was served and of. the: steps 
which should be taken during similar emergencies to: provide. the public 
with accurate, comprehensible and timely information;.and 


(£) appropriate recomendations based upon the Commission's 
ficdings. 


1-202. The Commission shall prepare and transmit _to-_the-President 
and to the Secretaries cf Energy and Health, Education_and. Welfare. a 
final report of its findings and recomuendations. 


1-3. Administration. 


1-301. The Chairman of the Commissioa is authorized: tozappoint: end 
fiz the compensation of a staff of such persons as may.be-necessary to 
discharge the Commission's responsibilities, subject to the- applicable 
provisions cf the Federal Advisory Committee Act and Title/5.of the 
United States Cade. 


1-302. To the exient authorized by law and requested by the 
Chairzan of the Commission, the General Services Administration. shall 
provide the Commission with necessary administrative services, 
facilities, and support on 2 reimbursable, basis. 


~ 16303. The Department of Energy and the Department of ‘Health, 
_ Education, end Welfare shall, to the extent permitted by law -and :subject 
'. to the availability of funds, provide the Commission with -such 
facilities, support, funds and services, including staff, .as may he 
necessary for the effective performances of the Commission's -functiens. 


.~ oor 19304, The Comaission may request any Executive agency :to ‘furnish 

-- such information, advice or assistance as it deems necessary to carry. 
out its euuee one Each such agency is directed, to the extent 
permitted by law, to furnish such information, advice or assistance uEon 


--> -equest. by the Chairman of the Commission, - 


__ 3°"4305, Each member of the Commission may receive compensation at 
the maximum rate now or hereafter prescribed by law for each day such ~ 
“- member is engaged in the work of the Commission. Each member may also 


—-geceive travel expenses, including per a in lieu of subsistence 
G. XU. S.C. 5702 and 5703). 
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_ 12306. The functions of the President under the Federal Advisory 
Comaittee Act which are applicable to the Commission, except that of 
reporting annually to the Congress, shall be ia ae by the _ 
Administrator of Ganeral Servaede ee . 
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1-4. Final Report _and Termination. 


1-401.° The final report required by Section 1202 of this Order 
shall be transmitted not later than six months from the date of the 
Commission's first meeting. 


1-402. The Commission shall terminate two months after the: 
transmittal of its final report. 


/s/. Jiemy Carter 
| 
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Babbitt, Bruce. Governor of Arizona, 1978- . Born: Jvne 27, 

1938, Los Angeles, Calif. Educsztion: Notre Dane University (BA, 

1960); University of Newcastle, England (MS, 1963); Harvard Law 

School (LLB, 1965). Experience: special assistant te director, 

VISTA, 1966-67; attorscy, Brown & Bain, Phoenix, Ariz., 1967-74; 
attorney general of Arizona, 1974-78. Honors & Awards: Marshall 
Scholar, 1960-62; Thomas Jefferson Award, 1979, Society of Professional 
Journalists-Sigma Delta Chi. Publications: Grand Canyon: An 

Antholosy (1978); Color and Licht: The Southw=st Canvases of Louis fin 
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(1974). Memberships: National Governors' Association (chairman, 


Hageerty, Patrick Euzene. General Director and Honorary Chairman, 
Texas Instruments, Inc., Dallas, Tex., 1976- . Born: March 17, 
4914, Harvey, N.D. Education: Marquette University (BS, 1936). 
Experience: Badger Carton Co., Milwaukee, Wis., 1935-42: production 
manager, 1935-39, assistant general manager, 1939-42; lieutenant, 
U.S. Naval Reserve at Bureau of Aeronautics, U.S. Dept. of the Navy, 
1842-45; Texas Instruments, Inc., 1945-76: general nanager, Laboratory 
and Manufacturing Division, 1945-51, executive vice president and 
director, 1951-58, president, 1958-66, chairman, 1966-76, retired, 
1976. Honors & Awards: Medal of Honor, 1967, Electronic Industries 
Association; Founders Award, 1968, Institute of Electrical and 
Electronics Engineers; Industrial Research Institute Medalist, 1969; 
John Fritz Medalist, 1971; Alurmus of the Year, 1972, Marquette 
University; Wema Medal of Achievement, 1972; Henry Laurence Gantt 
Hedal, 1975; honorary doctorates from: St. Mary's University, 1959, 
Marquette University, 1960, Polytechnic Institute of Brooklyn, 1962, | 
University of Dallas, 1964, North Dakota State University, 1967, 
Catholic University, 1971, Rensselaer Polytechnic Institute, 1972, 
Uaiversity of Notre Dame, 1974. Publications: Manasement Philosophies 
and Practices of Texas Instruments (1965), The Productive Society 
1973). Memberships: Rockersller University (chairman, Board of 


Trustees); University of Dallas (Board of Trustges and Executive 
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Comaittee); Institute of Electrical and Electronics Engineers (Fellow); 
‘National Academy of Engineering (elected, 1965); American Association 

for the Advancement of Science (Fellow); National Security Industrial 
@ Association (life member and former vice chairman, Board of Trustees); 
Texas Academy of Science (life member); The Business Council. 
Activities: vice chairman, Defense Science Board, 1965-67; National 
Con:zissioan on Technology, Automation, and Economic Progress, 1968; 
Presidential Science Advisory Comsittee, 1970-71; chairman, National 
Council on Educational Research, 1973-74; Executive Committee, 
Tri~Lateral Commission, 1973-76; Board of Governors, U.S. Postal 
eSmenSes 1972-73. 


nel 


| usin. John G. peecsicens, Dartmouth College, Hanover, N.H., 1970- ohn os 
Born: Way 31, 1926, Budapest, Hungary; came to U.S. 1940; naturalized ~~ 
‘U.S. citizen, 1945. Education: Princeton University (BA, 1947; 
; PhD, 1949). Experience: assistant, Theoretical Division, Manhkattsn 
Project, U.S. Dept. of the Aruy, Los Alanos Scientific Laboratory, | 
_N. Mex., 1945-45; research assistant to Albert Einstein, Institute 
for Advanced Study, 1948-49; Princeton University, 1949-53: Fine. 
Instructor in Mathematics, 1949-51, assistant professor of philosophy, 
1951-53; Dartmouth College, 1953-70: pee ceree of mathematics, 
1953-70, chairman of Nathematics Department, 1955~67, Albert DBredle-y 
Third Century Prefessor, 1965-70. Honors & Awards: Priestley 
Avard, 1976; honorary doctorates from: Middlebury College, 1955, 
‘ Columbia Unive sxsity, 1971, Princeton University, 1971, University of 
New Hacpshire, 1972, Boston College, 1973, University of Peansylvania, 
1975, Colby Collese, 1976, Bard College, 1978, Lafayette College, 
197&. Publicetions: A Phi lesonhar Eooks at Science (1959), 
Men and the Commuter (1972), Rendom EsSays, nuuerous articles 
torxzether: basic Frocramzing (1863), Denuwerable Markov Chains 
(1866), Finite Ketheratics with Business Applications (1962), Finite 
Marker Chains 23 (1960), Mathematical Nodels in the Social Sciences . ae 
(1962), Firite Mathematiczl. Stmictures (1958), Introduction to Finite 
Matheratics (1257); contributor, Eneycloraedia Britannica; associate 
editer, Journal of Mathematical Analvsis and Apolications, 1959-70. 
. Memberships: Phi Beta kappa; Asseciatien for Symbolic Logic ; Hee.” A 
(ceasulting editer; 1950-59); Mathematical Association of America 
. (chairaan, New Eaglead Cection, 1659-60; Board of Governors, 1940-63; 
thaiman, Penel on Tezcher Training, 1961-63; chairman, Panel on 
Biological and Social Sciesces, 1963-64); American Mathematical 
Society; fmericaa Philosorinical Association; American Academy of 
Arts and Sciences; Signa Xi (national lecturer, 1967); National 
Council of Teachers of Mathematics; American Association for the 
Advaacenent of Science. Activities: .consultant, Rand Corp., 1953-70; 
consultant, Educationel Research Coumcil of Greater Cleveland, 
1959-70; chaircan, U.S. Commission om Mathematics Instruction, 
1958-60; National Research Council, 1963-66; vice chairman, Advisory 
Comuittee on Computing, National Science Foundation, 1968-69; delivered 
Vanuzem Lectures, Princetoa University, 1974; National Commission on 
Libraries and Information Science, 1971-73; Advisory Committee to 
Regional Director, U.S. Dept. of Health, Education, and Welfare, a 
“1971-73; trustee, Foundation Center, 1970-76; trustee, Carnegie - es 
Foundation for Advancement of Teaching, 1972-78; director, Council: —_ 2 
for. Financial Aid! to. Education, 1976-79; director, Hoveyvell;, Inc., a 
1978-79. see AE Re ad ca iar ee es eee ne ape Sastre oy gfe Je 
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School for Developmental Biology, NATO, 1971-72; Delos Conferences, 
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‘Lewis, Carolyn Diana. Associate Professor and Coordinator of the 


Broadcast Division, Columbia University Graduate School of Journalism, 
New York, N.Y., 1978- . Born: Sept. 8, 1931, New York, N.Y. 
Education: University of Arizona (BA, 1951); University of Oslo, 
Norway (1951); University of Sydney, Australia (1956-58). Experience: 
reporter, Uaited Press Intérnational, Sydney, 1954-56; radio news 
commentztor, Macquarie Network, Australia, 1958-65; television news 
commentator, ATN, Sydney, 1958-65; reporter and columnist, Daily Mirror, 
Sydney, 1959-65; reporter, Wachineton Post, 1965-68; Capitol Hill 
correspoudent, WICP-TV and radio, 1968-74; moderator, “Neeting of 
the Mirds," WNBC, 1966-68; Capitol Hill correspondent, Television 
News, Inc., 1974; correspondent, impeachment hearings, PBS (National 
Public Affairs Center for Television), 197475; associate professor 
of journalisa, Boston University, 1975-78. Honors & Avards: Gavel 
Award, American Bar Association. Pvblications: regular contributer, 
Op-Ed, The New York Tines; Washington Post; Reader's Disest; IV Guide; 
chapter ia 1979 D epont-Colvapia University Survey of Broadcast 
Journalism. Uemberships: Phi Kappa Pui; Delta Sigua Rho. 


Marks, Paul Alan. Vice President for Kealth Seiences, 1973- , 

Froce Jensen Professor of Medicize, 1974- ; Professor of Hunan. 
Genetics aud. | Gevelopzsnt, 1969= , Director, Cancer Center, 1973- , 
Colunbia University, Kew York, N.Y. Born: Aug. 16, 1926, New York, 
N.Y. Educatica: Colvobia Collece. Columbia University (AB, 1945); 
College of Physicians end Surecons, Columbia University (MD, 1949). 
Experience: senior investigzetor, National Institutes of Health, 
1953-55; Coimcbia University, 1952- : Fellow, College of Physicians 
and Surgeons, 1952-53, instructor in medicine, 1955-56, assceiate in 
medicine, 1956-57, escistant professor of medicine, 1957-61, associato 


‘profetsor of nedicinc, 1951-67, prefessor of nedicing, 1967-74, 


chaizeen, Dent. of Euman Geretics and Development, 1969-70, dean, 
Faculty of Eedicine, 1970-73; visiting attending physiciza, Francis 
Delafield Hospital, 1959-75; visiting scientist, Laboratory of 
Cellular Biochemistry, Pastevr Institute, Paris, France, 1961-62;. 
Presbyteriam Eospital, 1962- : associate ettending physician, 
1862-87, attending physician, 1967~ . Fonors & Avards: Phi Beta 
Kappa; Colushiz University: Janeway Prize, 1949, Joseph Mather 


m Smith Prize, 1959, Stevems Triennial Prize, 1960, Bicentennial 
- Medal, 1968; Sviss-Anericxa Foundation Award in Medical Research, 


1965; Fellow, American Acsdeny of Arts amd Sciences, 1972; Institute 
of Hedicine, Hationsl Acesdesy of Sciences, 1972. Publications:. 
gumerdévs articles; Editorisl Board, 1964-J1, associzte editor, 
1976-77, editor-in-chief, 1978- , Blood. Souensl of the American 
Society of Heratoloev; editor, 1967-71, associate editor, 1971-72, 
Journal of Clinical Investization; consulting editor, Blood Cells, 
1974» . Memberships: Aserican Association for the Advancement of 


“Science; American Association for Czacer Research; srican College 


of Physicians; Americon Society of Hematology (chairman, Committee 
on Scientific Affairs, 1979, chairman, Publications Committee, 
1973-74); American Society of Human Genetics (Program Committee, 
1963); Association of American Physicians; American Society for 
Clinical Investigation (president, 1971-72); National Academy of 
Sciences (elected, 1973). Activities: Advisory Panel, National 
Science Foundation, 1964-67; Organizing Committee, International 
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Athens, Greece, 1971-73; chairman, Hematology Training Grants Committee, 
National Institutes of Health, 1971-73; chairman, Exccutive Committee, 
Division of Medical Sciences, National Research Council, National 
Academy of Sciences, 1973-76; Founding Committee, Radiation Effects 
Research Foundation, Japan, 1975-77; President's Panel on Biomedical 
Research, 1975-76; President's Cancer Panel, 1976- 3; trustee, | 
St. Luke's Hospital Center, 1970- ; trustee, Roosevelt Hospital, 
1970- ; trustee, Presbyterian Hospital, 1972- ; Board of Directors, 
Keystone Life Sciences Center, Colo., 1976- ; director, Charles H. 
Revson Foundation, Inc., 1976 ; Board of Trustees, Metpath Irstitute 
for Medical Education, 1977- ; director, Dreyfus Leverage Fund, 
1978 ; director, Pfizer Inc., 1978 . 


Marrett, Cora Bagley. Professor of Sociology ead Afro-imerican 
Studies, University of Wisconsin, Madison, 1979= . Born: June 15, 
1942, Richmend, Va. Education: Virginia Union University (BA, 
1963), University of Wisconsin (HA, 1965; PhD, 1968). Experience: 

' aSsistant professor of sociology, University of North Carolina, 
1968-6; Western Nichican University, 1969-74: assistant professor 
of sociology, 1969-72, associcte professor of sociclogy, 1972-74; 
associate professor, Departments of Sociology and Afro-American 
Studies, University of Wisconsin, 1974-79. Honors & Awards: Summer 
Stipeud for Younger Humanists, National Endowment for the eee pee 
1972; Resid-ut Fellov, National Academy of Sciences, 1973-74; Fellows 
Center for Advenced Study in the Behavioral Sciences, 1976-77. 
Publications: numerous articles in technical journals. Memberships: 
American Scciological Association (chairwoman, Committee on the 
Status of Women in Socioloey, 1972-74; Editorial Board, 

Americzn Sociologist, 1972-75; Minority Fellowship Conmittee, 1973-74); 
Southwestern Social | Science Association (Editorial Board, 

Social Science Quarterly, 1972- }; Social Science Research Council 
Goard of Directors, 1973-80; Executive Committee, 1975-80). Activities: 
U.S. Arsy Scientific Advisory Panel: consultant, 1976-77, Research 
Advisory Group, Institute for the Behavioral and Secial Sciences, 
1976-77; American Association for the Advancement of Science: 
conference consultant, "Mimerity Women-in Science and Engineering," 
1978, "Women in Basic Research Careers," 1977, conference co-organizer, 
"Minorities in Science," 1976; National Academy of Sciences, National 
Research Council: Social Science Panel, Advisory Committee to the 
U.S. Dept. of Housing and Urban Development, 1970-71, chairwoman, 
workshop, "Issues in the Exployment of Women," 1974; National 
Science Foundation: Advisory Panel, Minority Institutions Science 
Improvenent Program, 1977, Advisory Committee, Program on Ethics and 
Values in Science and Technology, 1977-78: 


McBride, Lloyd. International President, United Steelworkers of 

America, Pittsburgh, Pa., 1977- ; Vice President, AFL-CIO, 1977- . 

Born: March 9, 1916, Farmington, Mo. Experience: member, Steel 

Workers. Organizing Committas, 1936; organizer and Negotiating Committee, 

- Local 1295, St. Louis, Mo., 1936; president, Local 1295, 1938-40; 

president, St. Louis Industrial Union Council of CIO, 1940-42; 

president, Missouri State C10 Industrial Union Council, 1942-44; 

U.S. Naval Reserve, 1944-46; United Steelworkers of America, AFL-CIO, 
1946+ : staff union representative, 1946-58, subdistrict director, 

- : 1958-65, director, District 34 (Mo., Kan., Neb., Iowa, southern 
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Tll.), (secretary and chairman, basic steel negotiation, Armco Steel 


' Corp:; chairman, aulti-plant bargaining, American Steel Foundries), 


1965-77. Honors & Awards: Honorary Fellow, Truman Library Institute. 
Memberships: National Urban Coalition (Board of Directors); American 
Arbitration Association (director); Americans for Energy Independénce 
(Board); National Center for Resource Recovery (Board of Directors}; ~* 
National Society for the Prevention of Blindness (Board of Directors); 
Salvation Army (advisory menber). Activities: chairmaa, Foundry 

and Forgings Industry Conference; chairman, Lead Workers Conference; 
delegate, International Hetalvorkers Federation, Geneva, Switzerland; 
Labor Policy Advisory Committee, U.S. Dept. of Labor; vice president, 
Averican Immigration and Citizenship Conference; Advisory Committee 
for Trade Negotiations; Natiozal Commission on Air Quality; Presidert's 
Committse on Employment of the Esndicapped. 


| McPkerson, Farry C., Jr. Partner; Vernes, Liipfert, Rershard, & 


McPherson; Washington, D.C.; 1969- . Born: Aug, 22, 1929, Tyler, 
Tex. Educction: Uaiversity of the South (BA, 1949), Columbia 
University (1949-56), University of Texas Law School (ILE, 1955). 
Experience: U.S. Senate Democratic Policy Comittee, 1956-62: 
assistant genssrl counsel, 165659, associate general coursel, 
1959-61, general counsel, 1861-63; deputy under secretary of the 
Army for international effairs aud special assistant to the secretery 
for civil functions, 1963-64; essistert secretary of state for 
education2l and cultural affzirs, 1864-65; special assistant and 
Coumsel (1965-66) snd special counsel (1966-69) to President Lyndon B. 
Jobnsou. Honers & d4vards: Distinguished Civilian Service Award, 
1964, U.S. Dept. of the Army; Honorsry DCL, 1965, University of the 
South; Acthur S. Flening award, 1968. Pudlicstions: A 

Politic:) Eduraticn (1972); Editorial Board, Forsien Affsirs; 
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Cowmeil on Forsign Belations (board of Directors, 1974-77); Maryland 


_ Inquiry Panel. Activities: John F. Kemedy Center for Performing 


Arts: vice chairczn, 1868-76, general counsel, 1977- ; Board of 
Trustecs, Woodrow Wilson International Center for Scholars, 1969~74; 
chaimsn, Task Fer: of Berestic Policy, Democratic Advisory Cowicil 
of Elected Officials, 197476, a 


Peterson, Russell W. President and Chief Executive Officer, National 
Audubon Society, ew York, H.Y., 197S- .- Born:- Oct. 3, 1916; =<. 7 
Portzge, Wis. Edwczrtion: University of Wisconsin (BS, 19383 Papo. 
1942). Experience: E.I. DuPont dec Reaours & Co,., Inc., 1942-69: . 
research director, Textile Fabrics Division, 1954-55 and 1956-59, 
merchandising cansger, Textile Fibers, 1955-56, director, New Products 
Division, Textile fibers, 1859-62, dixectar, Research and Development 
Division, 1963-69; governor, State of Belaware, 1969-73; chairman, | 
President's Council on Environmental {wality, 1973-76; founding ._. 


president, New Directions, Washington, D.C., 1976977; diretter <4 zee: 


Office of Technology Assessment, U.S. Congress, 1978-79. Honors & -_- 
Awards: Conservaticnist-cf-the-Year, 1971, National: Wildlife Federation; 
Gold Medal Award, 1971, World Wildlife Fund; Annual Award, 197 Doses? 
Commercial Development Association; Parson's Award;-1974, American ~"-27~. 
Chemical Society; Annual award, 1977, National Audubon SOCIAC YS fees 
Proctor Prize of Sigms Xi, 1978; Distinguished Citizen Award, National 


Municipal League; Honorary Fellow, Textile Research Institute; OP eet 
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-honorary doctorates fron: Williams College, 1975, Stevens Institute 


of Technology, 1979, Butler University, 1979, Springfield College, - 
1979. Publications: numerous articles in Chemical and Engineering 
News, American Scientist, Smithsonian, Industry Weex, Harvard Business 
Review, Bicscience,. The New fork Times, Wasbinzton Post, 

Consressional Record. Memperships: Phi Beta Kappa; Sigma Xi;. 
North-~Seutrh Koundtaole; International Institute for Environment and 
Developzent; American Chemical Society; Federation of American 
Scientists; American Orzithological Unicon; American Lustitute of 
Chemists (Fellow); Anarican Associstion for the Advaacement of 

Science (director); Alliznce to Save Energy (director); The World 
Wildlife Fund (director). Activities: regional vice president, 
Naticnel Municipal Leagun, 1962- ; Board of Directors, Textile 
Research Institute, 1956-69 (chzizmau, Executive Committee, 1959-613 
chairvan, Board of Directors, 1961-83); co-chairman, Save Our Sess; 
director, Tri-County Conservancy of the Brandywine; chaiman, Nation], 
Education Couaisszion ofthe States, 1970; chairman, National Advisory 
Commission on Criminal Justice Standards and Goals, 1971-73; chairuan, 
Southern States Nucle:r Beard; chairmen, Belaware River Basin Comvission, 
1971-72; chaimaev, Executive Comittee, National Commissica ca 
Criticel Choices for Americans, 1973-74; vice chairman, U.S. Delegzcion 
to the U.N. World Povulatior. Conference, 1974; vice chairman, U.S. 
Delegation to tha U.N. Werld Corfcrence on Inman Settlenents, 197¢. 


Pigford. Treras B. Professor of Nuclear Engincering and Chairman, 
Depaxrtsen: of luclear Eagincering, University of California, Berkeley, 
193% . Born: April 21, 1922, Meridian, Miss. Education: Georgia 
Institute ef Technolocy (BS, 1943}; Massachusetts Institute of 
Tecknolocy (SH, 1948; ScD, 1952). Experience: Massachusetts Tectitute 
of Technolopy, 1946-57: instructor of chemical engivecring, 1944-47, 


assistant professor of chemical and nuclesr engincering, 1950-55, 


asseciate professor, 1955-57; director, Graduate School of Engincerirg 
Practice, Ozk Ihidge, Tann., 1950-52; senior development engineer, 

Aqueous Eomogemous Reacter Project, Oak Ridge Netional Laboratory,.- 

1952; directer wf enginceriag, director of nuclear reactor projects, 
assistant director of research laboratory, General Atomic Division, 
Geseral Dyncmics Corp., Sem Diego, Calif., 1957-59. Honors & Awards: 

E. I. DuPoat Ge Kemours Fellowship, 1948-50; Outstancing Young Han 

of Greater Bostrn, 1955; Zethur EH. Compton Avard, 1971, Americza 

Muclear Society; Fellowski», Japan Society for the Premotion of op ie 
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Auxiliary buildin; - A structure housing a variety of equinwent and 
large tauis necessary for the operation of the rezetor. Thase 
include make-up pumps, the make-up ccd waste gus decay tanks, and 
the reactor ccolant hold-up tanks. 


Babcock & Wilcox (BEY) - The conpany thet designed and supplied the 
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THI-2 reactor end nuclear stean supply systex. 


Backrround radiation + Radiation arising from natural redioactive 
Materials always prerent in the environment, including solar and 
cosmic viciation and radioactive elerents in the upper etnosphere, 
the growad, building waterials, and the human body. 


Beta parciclss - High-encrgy electroas; a fora of ionizing vediation 
that rowsily is stepped by the skin, or avery thin sheet of metal. 


Bureau of Kadiztion Protection (ERP) - A division of Pennsylvenia's 
Departz2nt of Envircrmental Resources. ‘BRP is the stete's lead . 
agency in monitoring radiation releases from nuclear plants aud : 
advises the Pennsylvania Emergency Monagement Agency during radiological 
enerpgercics. 


Burns avd Roe ~ Architectural ead engineering fira responsible fer 
jvos. the design of TM1-2.. : oe ; ; 
Candy come - The section of pipe carrying water from the reector to 
& steam generator. ‘ 
Chain reaction = A ‘self-sustaining reaction; eccurs in nuclear 
fission shen the nmwber of neutrons released equals or exceeds the 
number of neutrons absorbed plus the neutrons which escape from the 
reactor. 


Claddings - In a nuclear reactor, the metal shell of the fuel rod in 
which uranium oxide pellets are stacked. 


Collective dose - The sum of the individual doses received by each ca 
member of a certain group or population. It is calculated by multi- me een 
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plying the average dose per person by the number of persons within a 
specific geographic area. Consequently, the collective dose is 


"expressed in person-rema. For example, a thousand people each 


exposed to one rem would have a, collective dose of 1,000 person-rens. ) 


Condensate boos ster pumps - Three pumps. located between the condensate 
polisher and the main feedwater purps. 


Condensate polisher ~ A device that removes dissolved minerals from 
the water of the feedwater systen. 


. Condensate pusns - Three pumps in the feedwater systca that puzp 


water frog tue condensers to the condensate polishers. 


Condensers - Devices that cool steam to water after the steam has 
passcd through the turbine. 


Containment building - The structure housing the nuckcar reactor; 


“imtended tc contcin radioactive solids, gases, and water that might 


be released from the reactor vessel in an™-accident. 
Contrel rod - A rod containing material that absorbs reutrons; used 
to control or halt nuclez: fission in a reactor. 


Gare - The central part cf 2 nuclear reactor that contains the fucl 
axed produces the heat. 


: | 
‘Sritical - Term used to deseribe a nuclear reactor that is sustainiag } 
@ chain reaction. 


Curie - A unit of the intensity of radioactivity in a material. A 


‘eurie is eqazl to 37 billion disintegrations each second. 


Hecay heat - Heat produced by the decay of radioactive particles; in 
‘@@uclcar reactor this heat, resulting from materials left from the 
fission process, must be removed after reactor shutdown to prevent 


the core from overheating. See radioactive decay. Cree aks 


ct 


‘Desien basis accident (DFA) + Hypothetical accidents evaluated Cae . 


‘Guring tne safety revicv of nuclear power reactors. Plants are 


mequired to have safeguards that will ensure that radiation relezses 


. f€-site will be within NRC linits should any of these accidents 
_ eccur. 


‘Emergency core cooling system (ECCS) - A backup system designed to 
supply cooling water to the reactor cere in 4 loss-of-coolant accident. 


‘Emergency feedwater pumps - Backup pumps intended to supply feedwater 
&s the steam generators should the feedwater system fail to -SUpPry. 
water. Also called au Sse. feedwater pumps. 


= Feedearee pumps - Two large pumps capable of sioslying TMI- -2"3 two \ 
steam SBEESERES with up to bs, ave } gallons of water a minute. sae f 
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Feedwater system - Water supply to the stean generators in a 


pressurized water reactor that is converted to steam to drive turbines; 
part of the secondary Loop. : : 


Fission = The splitting apart of a heavy atomic nuclets, into two or 
more parts when a neutron strikes the nucleus. The splitting releases 


a large amount cf energy. 


Fission products - Radioactive nuclei and elements formed by the 


oe 


fission of heavy elements. 


Fuel demsve - The failure of fuel rods and the release of the radio~ 
active fission products trapped inside them. Fuel damage can occur 
without 2 melting of the reector's uraniun. 


Fuel melt - The melting of some of the uranium ozide fuel inside a 
reactor. 


= 


Fuel rod - A tube containing fvel for a nuclezr reactor. 


Gamma rays - Eigh~cnergy electrozatic radiation; a fora of ionizing 


oem ona 


pa) 
radiation, of higher encrey then Xerays, that penetrates very decy 


General esergency - Declared by the utility when an incident at 2 


nuchecr paver plant poses a potentially seriome.threat of radiation 
releases that could affect the general public. 


General Hwblic Urilities Corneration (GPU) - A utility holding 
company, Parent corgeration of the three companies that own THI. 


emma a 


Genetic defects + Health defects inherited by a child from the 
mother cut/or -Xzther. 


. Half-lite - Tee time required for half of a given radioactive substance 


to decay. Tee 


Health waysics - The practice of protecting humans and their environment 
_ from the possifle hazards of radiation. pene 2a di nope tthe & 
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High pressure iajection (SPI) - A punp system, capsble of purping up 
to 2bour 1,000 zallous a winute inte the reactor coolaxt system; 
part of the excrgency core cooling systen. . 


-Yodine-131 - A radioactive form of iodine, with a half-life of 8.1 
days, that can be absorbed by the hwnan thyroid if inhaled or ingested 


and cause: non-cancerous or cancerous growths. 


Ionizing radiation - Radiation capable of displacing electrons from 
atoms; the process produces electrically charged atoms or ions. 
Forms include gamma rays, X-rays, and beta particles. | 
Isolation - Condition intended to contain radioactive materials 
released in a nuclear accident inside the containment building. 
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Krypton-85 - A radioactive noble gas, with a half-life of 10.7 
year3, that is not absorbed by body tissues and is soon eliminated. 
by the body if inhaled or ingested. ae 


Let-down system - A means of removing water from the reactor coolant 
sys ten. ; . , 


‘Loss-of-coolant accident (LCCA) - An accident involving 2 broken 


Pipe, stuck-open valve, or other leak in the reactor coolant systea 


_that results in a loss of the water cooling the reactor core. 


Make-un system - A means of adding water to the reactor coolant 
SyStem curing normal operation. 


Make-up tank - A storage tank in the auxiliary building which provides 
water for the make-up purtps. 

Meltdown - The melting of fucl in a nucleezr reactor after the less 

of coolant water. If a significant portion of the fuel should melt, 


the molten fuel could melt through the reacter vessel and release 


large quentitics of radicactive saterials inte the -contajonent 
buildixs. 


Metronoliten Edison Company (Met. Fd) - Operator and part owner of 


the Three Nile Island nuclear power plant. . 


Millirem - 1 one-thousendth of a res; see rew. 


Hatural cesling - The circulation of water without pumping by heating 
water is: tht core end cooling it in the steam generator. 


| Bentron ~ 4m uncharged perticle found in the nucleus of every atom — 


beavier then ordinary hydrogen; neutrons sustain the fission chain 
weactiou ‘im auclear rezctors. 

Moble gxees - Inert gases that do not react chemically and are not 
absorbed by body tissues, although they may enter the blood if 
Gmbzlcd Suto the lungs. These gases include heliun, neon, krypton, 
xenon, aod rzacon. : : : 
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_ Buclear Seeulatary Commission (NRC) - U.S. agency responsible for 


the licensing and regulation of commercial, test, and research 
@uclear weectors. aa 


Bucleur ~ The central core of sn atom. + 


_Pennsvivenia Exerzgency Management Agency (PEMA) - Agency responsible 


for the state's response to natural and human-made disasters. 


Person-rems - See collective dose. 


"Poisons" - Materials that strongly absorb neutrons; used to control 


or stop the fission reaction in a ouclear reactor. 
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Pilot-operated relief valve (PORY) - A valve on the TMI-2 pressurizer, 
designed to open wien steam pressure reaches 2,255 pounds per square 
inch. iy) 


_ Potassium iodide - A bieatea that readily énters the thyroid gland 


‘ 


when ingested. If taken in a sufficient quantity prior to exposure 
to radioactive icdine, it can prevent the thyroid from absorbing any 
of the potentially harmful radioactive iodine-131. 


Pressure vessel = Sce reactor vessel. 


Pressurizer ~ A tank thet maintains the proper reactor coolaat | 
PressUTe 3 in a pressurized water reactor. 
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Str water is Fept ‘under high pressure to rp it fron botling 
into stean. 
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Primary systen = Sec reactor cool system. : 


Radioactive decay ~ The spontaneous precess which an unstable 
Tadicactive nucleus releases energy cr particles to become stable. 


Radioactivity - The spontaneous decay of an unstable aton. During 
the daczy precess, ianizing radiation is usually given off. 


Radiolysis ~ The breaking apart of a molecule by radiation, such as 
the splitzing cf water into hydrogen and oxygen. 


Reactor (iwelear) - 4 device in which a fission chain reactica can 
be initizted, msinteined, and controlled. 


Reactor corlant pum - One of four lerge pumps used to circulate the 
water cccling the cere of the THI-2 reactor. 


Reactor cvolant sv systiem - Water that cools the reactor core and 
farries avy neat. Also called the primary loop. oS 


Reactor vcssel - The stecl tank esntaining the reactor core; alse - om 
talled the pressure vessel, BP asd . ae a 


Ren - A stzndard cuit of pai nteon,f dose. Frequently radiation dose 


ds memsured in millirems for low-level radiation; 1, 000 ey irens 


equal one ren. 


Respirator ~ A breaking mask that filters the air to protect against 


the imhalation of ravioactive materials. 


Safety~related - The NRC employes several broad definitions for this 
eoncept. By one, safety-related items are “structures, systems and 
components that prevent or mitigate the consequences of postulated 


accidents that could cause undue risk to the health and safety of . 


the public." However, the NRC has no specific list of safety-related D 
items. The licensee designates what in its plant'is considered es 
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[rip - A sudden shutcowy of a piece ‘of machinely 
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iio ghag as. a aner ie body tissues and is. soon eliminated by the — 
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 Geaciun Oxide (00,) - A chemical compound containing uraniva and oe 
"“ aaygen thet is “used as a fucl in nuclezr reactors. os 


CLG . : 


safety-related. If the NRC disagrees, the question is Beas. 
Safety-related iteas receive closer quality control and assurance Ge 
maintensnce, and HRC inspection. = eae ) 
Saturation temperature ~ The temperature at which water at 2 given 

pressure will boil; the saturation poe of water at sea~level is 

ele" EF. : : 


Serzm - The rapid shutdown of a nuclear reactor, by droppicg control 
rods into the core to halt fission. 


Secondary system - See feedwater system. 


Site cmervency - Declared by the utility when an incident at a 


pucicar power pladt threatens the uncontrolled release of radicactivity 
into the immediate area of the plant. 


Solid sx system + A condition in which the entire reactor ceolant 
Systen, “Tacluding the pressurizer, is filled with water. 


Stean generator - A heat exchanger in which reactor coclant water 
fiowing through tubes heats the feedwater to produce stean. 


Steam table - A chart used to determine the temperzture et which 
water will boil at 2 given pressure. 


Teratozenzsis = The process of the development of gross abnormalities 

Gn the developing unborn child; these abnormalities or birth d= fects: } 
‘ace mot inherited. 

Therzolvaimescent dosineter (TIN) - A device to measure oucleaz 
watistion. . , 


‘MMI - Three Mile Island; site of two nuclear power reactors operated Pome 


. by by Becropolitan Edison Company: 


Pramsient - An 2bnormal condition ox event in a eucteee powex ie iaasies 


Qurbice beilding - A structure housing the steam eee generator, 
and cuch of the feedwater system. SLES 


Waste sas ¢ecay tank - One of two auxiliary building tanks in which 
--kadioactive gases removed from the reactor coolant are stored. 
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